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1. EXECUTIVE SUMMARY
vii
The MASMA sustainable dolphin tourism project was a collaborative research effort conducted between 
2003 and 2006 with participants from Mozambique, South Africa, Sweden and Zanzibar. The objectives 
were to build the capacity for sustainable dolphin tourism in the East African region. Both basic and applied 
research was conducted to assess status and promote effective conservation and management of dolphin 
populations and tourism activities while accounting for local socio-economic aspects. In order to implement 
this, an interdisciplinary approach provided scientific information on the animals' distribution, abundance, 
mortality, genetic population structure, biology, ecology, behaviour, and information on human social and 
socio-economic structure. The project was conducted in two geographical areas where dolphin tourism 
activities are ongoing in East Africa; south coast of Zanzibar and Ponta do Ouro, Mozambique. Additional 
studies were also conducted at Inhaca Island, Mozambique. Questionnaires were used to collect data from 
stake-holders and local communities, boat based surveys to collect data and samples on local dolphin 
populations and observer programmes to investigate fisheries mortalities. The Indo-Pacific bottlenose 
dolphin (Tursiops aduncus) was the focal species in the studies because it is the target species for the tourism, 
however Indo-Pacific humpback dolphins (Sousa chinensis) were also considered in the research conducted. 
Photographic identification data of individual dolphins showed limited distribution of small resident 
populations of Indo-Pacific bottlenose and humpback dolphins off the south coast of Zanzibar, and 
humpback dolphins at Inhaca. Residency was determined based on high percentages of within and between 
year resightings. The latest population size estimates were: 136 Indo-Pacific bottlenose and 63 humpback 
dolphins off the south coast of Zanzibar, and 165 Indo-Pacific humpback dolphins off Inhaca. No estimate 
of population size is available for the Indo-Pacific bottlenose dolphins off Ponta do Ouro. Both Indo-Pacific 
bottlenose and humpback dolphins off the South coast of Zanzibar had very restricted distributions and 
2
only used limited parts of the 26 km  study area. The results also showed that the bottlenose dolphins were 
socializing and foraging to a larger extent in particular areas. This indicates that these higher density areas 
may be important to the population, particularly for breeding and foraging activities. 
Genetic analyses showed a clear indication of a genetic break in the mtDNA sequence data which isolated 
Indo-Pacific bottlenose dolphins sampled off the north and south coasts of Zanzibar. This result was also 
supported by preliminary microsatellite analyses of a sub-set of the samples available from Zanzibar. 
Therefore, until additional data from nuclear DNA are available, it is appropriate to treat the Indo-Pacific 
bottlenose dolphins found off northern and southern Zanzibar as separate management units when 
assessing the impact from bycatch, dolphin tourism and other anthropogenic threats.
The life history characteristics of the Indo-Pacific bottlenose dolphins off Zanzibar were similar to that of 
bottlenose dolphins from other geographical areas. This indicates that the annual population growth is 
limited and based on results from other geographical areas likely less than 4%. Sexual maturity, as judged by 
ovarian activity, developed in females older than 6 years of age and at a body length of about 200 cm. Males 
exhibited testicular activity when they reached an age of 13 years and at a body length of about 202 cm. Both 
females and males may live longer than 36 years, based on counts of growth layer groups in teeth. The 
observed maximum body length for females and males were 233 and 238 cm, respectively. 
Investigation of fisheries bycatch showed that dolphins were caught in gillnets at sites all round Unguja 
Island, in the Zanzibar Channel and along the coast of northern Tanzania. Six species of dolphins were 
recorded from 187 specimens retrieved from bycatch in drift- and bottom set gillnets between 2000 and 
2006. Of these, 87 (48%) were Indo-Pacific bottlenose dolphins, 57 (31%) spinner dolphins (Stenella 
longirostris), 15 (8%) Risso's dolphins (Grampus griseus), 15 (8%) Indo-Pacific humpback dolphins, 7 (4%) 
Pan-tropical spotted dolphins (Stenella attenuata), and 2 (1%) common bottlenose dolphins (Tursiops 
truncatus). Indo-Pacific bottlenose dolphins and Indo-Pacific humpback dolphins were caught primarily in 
the inshore waters of all areas. Spinner and Risso's dolphins were caught in areas of deeper waters (depth 
>100m). Two species not previously recorded in the area were also present in the bycatch, the Pan-tropical 
spotted dolphin and common bottlenose dolphin. 
Observer programmes conducted onboard fishing boats were used to estimate and assess bycatch of 
dolphins in drift- and bottom set gill net fisheries operating in Menai Bay, Zanzibar. Six observers were 
randomly placed on 14 fishing vessels from Kizimkazi Mkunguni and Kizimkazi Dimbani. The observed 
effort represented 24 and 25% of the total annual effort in the driftnet and bottom set gillnet fisheries in the 
area, respectively. The total annual bycatch for the fisheries was estimated to 13 Indo-Pacific bottlenose 
dolphins in the driftnet fishery and 4 humpback dolphins in the bottom set gillnet fishery. The estimated 
annual bycatch represent an annual mortality of 9.6% of the estimated number (13/136) of Indo-Pacific 
bottlenose dolphins in the area and 6.3% of the estimated number (63) of humpback dolphins (4/63). These 
levels of anthropogenic mortalities are not considered sustainable. 
An investigation of the behaviour of female dolphins off the south coast of Zanzibar in relation to different 
levels of tourism activity showed that they spent more time travelling with tourist boats present. Further, the 
results showed that movement and dive patterns of dolphins were affected by the presence of many boats 
and swimmers and that the presence of a few (1-2) tourist boats (without swimmers) resulted in no 
detectable changes in movement or dive patterns, providing that the boats were driven with care and not 
interfering with the heading of the animals i.e. following issued guidelines. These behavioural changes may 
be short-term responses to the tourism activities which, if continued, may lead to the long-term consequence 
that the dolphins leave the area where the dolphin tourism takes place. The apparent changes in dolphin 
behaviour due to the increased levels of tourism activities may reduce the available time for important 
behaviours such as foraging and nursing which ultimately may reduce fitness on both individual and 
population level. It is therefore important to stress the need for a precautionary approach and encourage 
that the already introduced guidelines, issued by the Department of Fisheries and Marine Resources 
Zanzibar, are implemented. 
A socio-economic survey of the dolphin tourism in Kizimkazi, Zanzibar, was conducted by interviewing 50 
boat operators, 6 restaurant managers/hoteliers, 50 local residents, 3 diving business managers and 270 
tourists. The survey showed that 6735 tourists were involved with dolphin-tourism activities in 2003 
representing 10% of the total number of tourists who visited Zanzibar in that particular year. A large 
proportion of the tourists were Europeans predominantly from the United Kingdom and Italy. The 
operators were aware of the guidelines for the dolphin tourism, although only 60% said they followed the 
guidelines. They further admitted that they did not follow the guidelines all the time because when there 
were many boats on the same group of dolphins, some boat operators ignored the guidelines. About 165 
jobs have been created from the dolphin tourism activity in Kizimkazi making it an important contributor 
to the local economy. However, a large portion (up to 80%) of the income generated was profiting tour 
companies and/or tourist guides outside the villages. 
A socio-economy survey was also conducted at Ponta do Ouro, Mozambique. Fifty workers, 50 tourists and 
10 tourist resort owners/managers of tourist resorts (including those offering marine recreational services) 
were interviewed using questionnaires. Workers included those employed at the marine recreational resorts, 
managers of marine recreational resorts and other people living at Ponta do Ouro. The results showed that 
only half of jobs at the tourist resorts at Ponta do Ouro were held by native people, and most of these were 
trained locally by the employers. The majority of tourists frequenting Ponta do Ouro come from inland 
cities of South Africa and a small proportion were from overseas. A large number of tourists believed that the 
swim with dolphin activity was good for various reasons, but some recognized the existence of potential 
negative aspects of the activity. The workers perceived the social impact of marine recreational activities 
differently, although the majority of workers believed that the recreational activities may affect the 
environment negatively. The swim with dolphin tourism provided salaries at similar levels to the diving 
companies, but their contribution to the local economy was low because of the small number of operators.
In both Ponta do Ouro and in Menai Bay guidelines have been issued to make the dolphin tourism activities 
less invasive to the dolphins. The guidelines in the two areas differ in the way that they were issued and how 
they were formulated. The guidelines in Ponta do Ouro were issued by a tourist operator and address how 
the activity should be conducted. In Menai Bay the guidelines were issued by the Department of Fisheries 
and Marine Resources, Zanzibar, and these give instructions for how boats and swimmers should behave 
when interacting with the dolphins. The guidelines in Ponta do Ouro is in a way stricter than the ones in 
Menai Bay. For example only one boat at a time is allowed to interact with the dolphins at Ponta do Ouro 
and there are situations when swimming is not allowed. The decision whether or not to swim with the group 
is taken by the boat operator. In Menai Bay the guidelines lack restrictions both regarding when swimming 
is appropriate and the number of boats allowed on one group of dolphins. Since different levels of these 
factors cause behavioural changes in dolphins there may be a need to review and revise existing guidelines. 
viii
To create sustainable dolphin tourism it is important to have an agreement between the stakeholders so that 
issued guidelines are followed. In January 2005, an important step towards sustainable dolphin tourism in 
Kizimkazi was taken with the formation of the Kizimkazi Dolphin Tourism Operators Association 
(KIDOTOA). KIDOTOA is a non-governmental organisation dedicated to long-term sustainable 
development of the dolphin tourism in Menai Bay. The Association will focus its activities on dolphin 
research, education and environmental conservation. In June 2005, the first intensive training course in 
sustainable dolphin tourism was held for tour guides. The course included both theoretical and practical 
elements where participants were trained in land- and boat-based best practice for whale or dolphin 
watching. The course will be given at regular intervals in the future and participants will be issued a 
certificate on completion of the course.
The research has showed that dolphin tourism has become important to local economies in Zanzibar and 
Mozambique and that there is potential for sustainable dolphin tourism in East Africa. However, the 
research also showed that both dolphin tourism and bycatch in fisheries pose threats to the dolphin 
populations. Management actions that regulate the tourism and reduce the bycatch are therefore essential to 
facilitate long-term sustainable dolphin tourism activities in East Africa. 
A draft management plan is offered as a starting point towards creating sustainable dolphin tourism in 
Menai Bay, Zanzibar.
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Indo-Pacific bottlenose dolphins off the South coast of Zanzibar. (© Per Berggren)
A remarkable species diversity of marine mammals 
(dolphins, whales and dugongs) exists in East 
Africa. The area provides access to some species 
not regularly encountered elsewhere offering 
unique opportunities for eco-tourism and research. 
Marine mammals suffer from direct and indirect 
takes as well as habitat degradation due to 
anthropogenic activities (Borobia 1997). They 
have been utilized in the East African region 
throughout history for a range of purposes. Meat 
from whales, dolphins and dugongs has 
supplied an extra source of protein and also 
been used as bait in line fisheries. Oil has been 
extracted from whale and dolphin blubber and 
used to waterproof boats (Wamukoya et al. 1996, 
Borobia 1997, Amir and Jiddawi 2001). Access 
to animals has been achieved through hunting, 
bycatch in fisheries and as live or dead 
strandings. Few records exist on the extent of the 
occurrence of these mortalities but it is likely 
that they have had a negative effect on the status 
of the populations regularly occurring in or 
visiting East African coastal waters. 
In an effort to prevent the use of destructive 
fishing methods (e.g. dynamite and dragging) 
and to protect coral reefs, fishermen have been 
encouraged by local authorities to switch to drift 
netting (M. Richmond. pers. comm.). Although 
this may alleviate the impact on coral reefs it has 
created a serious new threat to the marine 
mammals that get entangled (bycaught) and die 
in the nets (Amir et al. 2005).  
Information on the dolphin distribution, 
abundance, population structure, biology, 
ecology and behaviour is required as is the 
identification of the main threats facing the 
animals. There is very little information on the 
25 dolphin and whale species and the one 
dugong species present in the region 
(Anonymous 1998a). In response to the lack of 
information and the potential threats facing 
dolphins, whales and the dugong in 
Mozambique and Zanzibar/Tanzania, research 
and education projects have been launched. 
These projects have established research 
programmes focussing on dolphins (in 
particular Indo-Pacific bottlenose (Tursiops 
aduncus) and humpback dolphins (Sousa 
chinensis) around Zanzibar and in Maputo Bay 
and Ponta do Ouro in Mozambique, and 
dugongs in Bazaruto Bay, Mozambique. The 
Sustainable Dolphin Tourism in East Africa 
project was built on the experiences and results 
from research previously conducted by the 
participants on marine mammals in the region.  
These studies have developed the research 
platforms necessary to study marine mammals 
and identified the need for further research in 
this important field. The objectives of the 
research encompass the identified needs and as 
such contain elements of new research as well as 
an extension of already ongoing research. 
One of the main sources of income in Zanzibar 
is its thriving tourist industry. Dolphin tourism 
has become one of the islands most popular 
activities but it is in desperate need of 
management and regulation to ensure a 
sustainable future for both the islanders and the 
dolphins. Commercial dolphin tourism has also 
been developed in Ponta do Ouro, Mozambique, 
similar to Zanzibar this industry shows great 
potential, but suffers from lack of implemented 
guidelines and management.
The overall aim of this project was to build the 
capacity required to develop, conduct and manage 
dolphin tourism. Basic and applied research was 
conducted, aimed at supplying necessary 
information for the conservation and management 
schemes needed to safeguard the future of marine 
mammals in the region as well as the local 
economies that are reliant on the animals. The 
research and management objectives of the project 
were divided into four main tasks: Marine mammal 
basic population biology and ecology research, 
Sustainable fisheries (with respect to marine 
mammals), Sustainable tourism, and Assess the status 
and propose conservation and management actions for 
marine mammals.  
 
2. INTRODUCTION
1
In order to investigate the distribution and 
abundance of dolphins, boat based surveys were 
conducted off the south coast of Zanzibar, 
Tanzania and in Ponta do Ouro, Mozambique. 
The distribution of dolphins was investigated 
from the locations of encountered groups. 
Photographic identification of encountered 
individuals and mark-recapture methods were 
used to calculate population sizes and to 
determine residency of dolphins in the study areas. 
3.1.1 South coast of Zanzibar
by E. Stensland & P. Berggren
Introduction, material & methods
Study area
Two non-provisioned populations of Indo-
Pacific bottlenose and humpback dolphins, 
inhabiting the waters off the south coast of 
Zanzibar, have been studied since 1998 
(Stensland et al. 1998). The study area is located 
off the south coast of Zanzibar (Unguja) Island 
(Figure 1). The area is rather shallow (<50m) and 
features seagrass beds, sandy bottoms, coral 
patches and a coral reef extending from the 
shore at the southern tip of the island. The study 
area is part of a traditional fishing ground and 
since fishing effort has expanded greatly during 
the last decade, the area now suffers from 
environmental degradation and over-fishing 
(Anonymous 1998b). The area is also 
considered to be one of the most diverse coral, 
mangrove and seagrass complexes in the 
Western Indian Ocean. In order to protect the 
area the government of Zanzibar has set aside 
2
470km  of Menai Bay as an officially protected 
marine conservation area (the Menai Bay 
Conservation Area) (Anonymous 1998b). 
Data collection 
Surveys were conducted in the study area 
between January and March 1999-2005 and in 
September 2002, to collect data on distribution 
and to identify individual dolphins. During this 
time of the year the north-east monsoon prevails 
with light winds and minimum rainfall. A 5m 
outboard powered boat was used to survey the 
study area at a speed of about 10km/h. All 
surveys were conducted in Beaufort Sea State 0-
3 in clear weather. Starting at right angles to the 
boat, two researchers scanned through 100 
degrees on each side of the boat for location of 
dolphin groups. The number of survey days 
during each field season was 11 in 1999, 44 in 
2000, 45 in 2001, 31 in 2002, 59 in 2003, 42 in 
2004 and 38 in 2005. When a group of dolphins 
was sighted, the boat slowed to idle speed while 
one researcher photographed the individuals in 
the group (see below) and the other recorded 
position, depth, group size, group composition 
and predominant behaviour. The predominant 
behaviour was recorded as the activity displayed 
by the majority of the animals in the group 
during the first 5-10 minutes. These data were 
collected by scan-sampling of the group (Mann 
1999) using four different behavioural 
categories; resting, travelling, foraging and 
3. MARINE MAMMAL BASIC BIOLOGY AND ECOLOGY 
RESEARCH
3.1 Investigating the distribution and abundance of dolphins by conducting 
boat based photographic identification surveys
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Figure 1. Map of the study area off the south coast of Zanzibar, 
East Africa, indicating sighting locations of Indo-Pacific 
bottlenose and humpback dolphin groups. The shaded area 
2
within the rectangle represents the calculated 26 km  study area.
2
socializing (similar to those used by Mann & 
Smuts 1999 and Connor et al. 2000; for detailed 
definitions of behavioural categories see Table 
1). For results and discussion of the collected 
behaviour data please see section 4.2.1. The 
dolphins were considered to associate in a group 
when any individual occurred within 10m of 
another individual. No groups were sampled 
more than once each day, however since both 
species live in non-stable groups (Jefferson 2000, 
Karczmarski 1999, Würsig & Würsig 1977, 
Smolker et al. 1992), some individuals could 
occur in more than one group in a single day. 
Table 1. Definition of behavioural categories
Photo-identification
We  attempted to photograph all dolphins in the 
encountered groups using a 35mm camera with 
a 75-300 zoom lens and colour slide film (100 
ISO) during the earlier years and a digital SLR 
camera during the latter years. Individual 
dolphins were identified from nicks and marks 
in the dorsal fin (Wells & Scott 1990, Würsig & 
Jefferson 1990). The nicks and marks in the 
dorsal fin are persistent which makes it possible 
to identify individuals within and between years. 
The best pictures of the identified dolphins were 
compiled into a catalogue of all identified 
dolphins in the study area. All pictures were 
analysed regarding photographic quality, good 
photos were photos with dorsal fins in focus and 
perpendicular to the photographer. Pictures of 
new individuals were added to the catalogue, 
when not found and if the pictures fulfilled the 
quality criteria. Both left and right side pictures 
of the dorsal fin were used to identify individuals. 
From the pictures, the number of dolphins in the 
investigated area can be calculated using mark-
recapture methods. Mark-recapture methods 
have been used to estimate population sizes for a 
diverse range of terrestrial and marine mammals 
(Otis et al. 1978, Hammond 1986). The method 
uses data on marked individuals and their 
proportion in subsequent samples to estimate 
population size and other population 
parameters (Seber 1982). Mark-recapture 
Behavior Definition
Rest Low level of activity, dolphins moving slowly (speed <2 
knots). Three to four slow surfacings followed by dives 
for extended periods of time (2-3 minutes). 
Travel Persistent and directional movement (speed >2 knots). 
Dolphins could be meandering but still moving in a 
general direction.
Forage Rapid energetic surfacings, frequent directional 
changes, fish chases and direct observations of dolphins 
feeding. Peduncle and tail-out dives common.
Social Petting, rubbing, mounting, chasing, genital inspections, 
play and displays and other physical contact between 
individuals. 
3
Photo-identification picture of an Indo-Pacific bottlenose dolphins showing nicks and 
shape of dorsal fin used for identification. (© Per Berggren)
studies have traditionally used trapped 
individuals that have been physically marked by 
the researcher, but during late 1960's 
researchers discovered that it was possible to 
identify individuals from natural markings 
documented by photographing a part of the 
body which bears distinctive markings (Würsig 
& Würsig 1977, Bigg 1982). Using natural 
markings for identification have advantages over 
conventional marking methods, primarily that 
the behaviour of the individuals is not affected 
by the marking procedure as they are not 
handled by the researchers (Hammond 1990). 
Mark-recapture
Analysing photo-identification pictures is time 
consuming and so far the photo-identification 
data for 2003-2005 have not yet been completely 
analysed, therefore, no population estimates are 
yet available for these years. 
The software MARK (White & Burnham 1999) 
was used to estimate the population sizes of the 
bottlenose and humpback dolphins in the study 
area. Photo-identification data from four field 
seasons 1999, 2000, 2001 and 2002 were used 
for the mark-recapture analysis. We started to 
analyse the data that were available for the 
population size analyses. The analyses for 2003-
2005 have not yet been possible to carry out due 
to time and budget limitations. Population 
estimates for 2003-2005 will be calculated as 
soon as all the pictures have been processed and 
individuals identified. All pictures were 
analyzed regarding photographic quality; good 
photos had dorsal fins in focus and 
perpendicular to the photographer. The 
photographs were ranked according to 
photographic quality (0 - 4) and only qualities 2 
- 4 were retained in the catalogue to reduce false 
identification. Only individuals with distinct 
marks in the dorsal fin (large marks or several 
smaller nicks) were used in the mark-recapture 
analyses. A total of 129 bottlenose dolphins and 
27 humpback dolphins met the criteria as 
marked animals and were used in the analyses 
but not all marked individuals were sighted each 
year. Calves were excluded from the mark-
recapture analysis as their probability of capture 
is not independent from that of their mothers 
(Wells & Scott 1990). Individuals with small 
nicks or no marks were classified as unmarked 
dolphins. The proportion of unmarked 
individuals (non-calves) in the population was 
calculated as the total number of unmarked 
individuals identified divided by the total 
number of individuals identified in all sightings. 
To calculate the proportion of calves in the 
 
population we pooled the average number of 
calves estimated in the field from all field 
seasons compared to the average group size 
estimated in the field from all field seasons.
The identification data of all marked 
individuals were grouped within each year to 
maximize the capture probability. The 
populations were considered closed within each 
field season (i.e. no immigration/emigration, 
births or deaths). We constructed and compared 
models in MARK, for estimation of population 
sizes following standard models (Otis et al. 
1978). To create estimates the models that were 
found to be most appropriate based on the 
Akaike Information Criterion were used 
(Burnham et al. 1995). 
As only marked non-calf individuals were used 
for the mark-recapture analysis we recalculated 
the population estimates derived by MARK and 
adjusted the estimates (following the equation 
used by Williams et al. 1993) with the proportion 
of unmarked individuals (non-calves) and the 
proportion of calves in the population to 
calculate         as:
where    is the proportion of marked individuals in the 
population (1 minus the proportion of unmarked non-
calves) and   is the proportion non-calves (1 minus the 
proportion of calves in the population). The confidence 
intervals were adjusted correspondingly.
Residency
The cumulative number of identified dolphins 
over the four field seasons was calculated to 
investigate if the rate of newly identified 
dolphins decreased over time, which would 
indicate that most of the marked dolphins had 
been identified. Two measures to investigate the 
residency of the marked animals in the study 
area were used. Firstly, the number of days each 
marked individual had been identified was 
counted (Chilvers & Corkeron 2003) and 
secondly we calculated the re-sighting frequency 
of marked individuals in subsequent years. The 
photo-identification data from 1999-2002 were 
collected during the same season every year 
(December-March) and for comparison an 
additional data set was also included, from a 
pilot-study for a biopsy sampling program 
conducted in September 2002. This latter data 
set was used to investigate how many of the 
known marked individuals that were found in 
the area during this time of the year, indicating 
potential year round residents. 
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Results and discussion
Population estimates
This study has supplied some of the first estimates 
of population size for East African dolphin 
populations. Off the south coast of Zanzibar, the 
populations of Indo-Pacific bottlenose and 
humpback dolphins were found to be small and 
resident (Table 2). The population size estimates 
based on the mark-recapture analyses ranged 
between 136-179 Indo-Pacific bottlenose 
dolphins and 58-63 humpback dolphins, in the 
study area. Table 2 shows the adjusted population 
estimates and the model used for each year 
between 1999 and 2002 as derived from MARK. 
Table 2. Adjusted estimates for total population size. 
Models used were: Mt, time-, Mh, heterogeneity-, and 
Mth, time- and heterogenity-dependent capture 
probabilities. 'No estimate' indicates that there were 
not enough data available to calculate estimates.
Dolphins were encountered in the study area on 
254 of the 270 days that were spent at sea 
between 1999 and 2005. In total we encountered 
346 bottlenose dolphin groups, 99 humpback 
dolphin and 62 mixed species groups during 
this study. The median group size of bottlenose 
dolphins in the study area varied between 8 and 
21 for the different survey years. The humpback 
dolphin groups were smaller with a median 
group size between 5 and 9 (Table 3).  
Table 3. Median, minimum and maximum group size 
and proportion of age groups of Indo-Pacific 
bottlenose dolphins and humpback dolphins off the 
South coast of Zanzibar. Old calves refer to smaller 
animals swimming in calf position next to an adult 
dolphin (Mann and Smuts 1999). Young of the year 
(yoy) refers to animals less than one year old as 
determined from relative size, surfacing behaviour 
and/or presence of fetal folds.
Species Year Group size Proportion (%)
Median Min-max Adults & Old yoys 
juveniles calves
Tursiops 1999 21 5-65 74 22 4
2000 8 1-38 78 18 4
2001 11 1-50 76 21 3
2002 13 2-65 81 13 6
Sousa 1999 9 4-13 67 24 9
2000 7 3-22 68 24 8
2001 5 2-12 61 36 3
2002 7 1-10 68 19 13
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Figure 2. Cumulative discovery curve for the marked dolphins. Arrows on the x-axis indicate the start of the year 
2000, 2001 and 2002 field seasons, respectively.
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Species Year Model Adjusted       95% 
Estimate Log-normal CI
Bottlenose 1999 Mth 150 142-172
2000 Mth 153 142-183
2001 Mh 179 167-212
2002 Mth 136 124-172
Humpback 1999 Mt 58 56-79
2000 No estimate
2001 Mh 65 62-102
2002 Mh 63 57-95
A large number of the identified dolphins were 
re-sighted between years. Of the 91 marked 
bottlenose dolphins identified in 1999, 80% were 
sighted in 2000, 77% in 2001 and 60% in 2002. 
Of the 19 humpback dolphins identified in 
1999, 42% were re-identified in 2000, 94% in 
2001 and 68% in 2002. The number of days that 
an individual dolphin was sighted during the 
study varied from 1 to 57 for the bottlenose 
dolphins and 1 to 19 for the humpback dolphins 
(Figure 2). The photo-identification data 
support the hypothesis that dolphins of both 
species were resident in the study area both 
between and within years. Further, during the 
field trip in September 2002, all but five of 46 
marked bottlenose dolphins were previously 
known individuals, indicating that some of the 
animals may be year round residents in the area.
Conclusion
The photographic identification data showed 
limited distribution of small (136 Indo-Pacific 
bottlenose and 63 humpback dolphins) resident 
populations of dolphins off the South coast of 
Zanzibar. 
This work has been published in:
Stensland, E., Särnblad, A., Carlén, I., Bignert, A. and 
Berggren P. 2006. Population size, distribution and 
behavior of Indo-Pacific bottlenose (Tursiops 
aduncus) and humpback (Sousa chinensis) dolphins 
off the south coast of Zanzibar. Marine Mammal 
Science 22: 667-682.
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3.1.2 Inhaca Island, Maputo Bay, 
Mozambique
By A. Guissamulo 
Introduction
Both bottlenose and humpback dolphins 
inhabit Maputo Bay, Mozambique, and are 
most common in the eastern part of the bay 
(Guissamulo submitted). Previous studies have 
shown that the dolphin populations are small, 
and while humpback dolphins occurred 
throughout the year (Guissamulo & Cockcroft 
2004), bottlenose dolphins appeared to be 
seasonal (Guissamulo, submitted). Photo-
identification studies carried out between 
1995-1997 show that individual humpback 
dolphins appeared to have high site fidelity and 
that the levels of association between 
individuals was large, compared to other 
humpback dolphin populations of the South 
Africa coast (Karczmarski et al. 1999). 
Bottlenose dolphins, however, showed less site 
fidelity, but individuals visited the Bay 
seasonally (Guissamulo, submitted).
Aerial view of Inhaca Island coast. (© Almeida Guissamulo)
The current study was carried out to assess the 
status of the populations. Maputo Bay is the 
second most important fishing area of 
Mozambique where there is a year round 
operation of gill net and shrimp trawl fisheries 
(Sousa 1989). Although there has been a decline 
in the catches per unit effort, fishing effort has 
been maintained or increased (Tomás 2002, 
Loureiro 2002), suggesting that the Bay is 
suffering overexploitation. Apart from 
interactions between dolphins and fisheries as 
described by Guissamulo & Cockcroft (1998), 
there is no recent evidence of dolphin catches 
and interactions with these fisheries due to the 
difficulties to establish a dolphin by-catch 
program.
This study was carried out with the aim to:
1. Assess the status of dolphin populations 
that are exposed to fishing activity. By 
looking at occurrence, distribution and 
relative abundance.
2. Estimate the population size of humpback 
dolphins in Maputo Bay.
3. Investigate the behaviour of bottlenose 
dolphins in Maputo Bay.
4. Provide comparative data of the distribution, 
abundance and behaviour of bottlenose 
dolphins to compare with the population off 
Ponta do Ouro. 
Methods
Boat based surveys were carried out between 
May 2004 and October 2005 off the west coast 
of Inhaca Island, using a 7 m fibre glass boat 
equipped with a 25hp engine. Surveys were 
carried out between 06:00 in the morning and 
17:00 in the afternoon, in sea state conditions 
not exceeding 3 (Beaufort scale). Surveys were 
carried out on a pre-determined route for a 
period of 2-3 hours, and commenced at any 
semi-diurnal tide phase. When sighted, dolphins 
were followed parallel to their movement either 
to take photographs of their fin (humpback 
dolphins) for identification or to record 
behavioural data (bottlenose dolphins). 
Study area
The west coast of Inhaca Island consists of a 10 
km long coast line located at the eastern part of 
Maputo Bay (26˚ S and 33˚ E). The island has an 
H shape, and is 12.5km long and 7.5km wide 
(Kalk 1995). The climate is tropical humid, with 
rainy summer between November and March 
and dry winter from April to October (Kalk 
1995). The depth varies between 1 to 20m. Tides 
have semi-diurnal and semi-lunar cycles, and 
their range varies between 1m during neap tides 
and 3.3m during spring tides. These cycles 
determine the amount of the exposure of the 
extensive intertidal areas of sandy substrate or 
seagrass beds. A 1km long coral reef occurs at the 
deepest inshore area of the island (15m) located 
at the centre of the west coast of the Island (Kalk 
1995). A small island (Portuguse Island) is 
situated north of Inhaca Island and it is exposed 
to the open sea (Kalk 1995). 
Photo-identification, site fidelity and association 
pattern of humpback dolphins in Maputo Bay
Naturally marked dolphins were those with 
nicks and scars on their dorsal fin and back 
caused by various sources: other dolphins, shark 
bites, boats or other causes (Weller 1991, 
Karczmarski & Cockcroft 1998). The 
classification of dolphins was based on the 
position of the largest notches on the fin profile 
(top, middle or base), the number of notches at 
the front, top and trailing edge of the dorsal fin, 
marks and their position on the body. Only fresh 
scars or large and conspicuous scars were 
considered for identification of individuals 
(Weller 1991, Karczmarki & Cockcroft 1998). 
Photographs of the dorsal fins were obtained 
using a Canon EOS 300 equipped with a 120- 
400 mm lens, or with 80-300mm lens and slide 
films. Later in 2005, photos were then taken 
using a digital camera Canon 10D. Analysis of 
the photographs was made using the procedures 
developed by (Weller 1991), and the 
identification of individuals was made using the 
procedure and matrix developed by 
Karczmarski & Cockcroft (1998).
Simple association index was calculated for 
pairs of identified humpback dolphins and 
population estimates of humpback dolphins 
were calculated using the Petersen Mark- 
Recapture method.
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Photo-Identification of dolphins in Maputo Bay.
 (© Almeida Guissamulo)
Behaviour of bottlenose dolphins in Maputo Bay
Five behaviours were considered: feeding, 
opportunistic feeding (when travel was 
associated with feeding), travel, social and 
resting/idling (These behaviours were adopted 
after Shane et al. 1986, Karczmarski & Cockcroft 
th
1999, Peddemors 1995, Bearzi et al. 1999). A 6  
category was unclassified behaviour (also 
referred to as milling = when dolphins remained 
at surface and performed several shallow dives 
in any direction) (Bearzi et al. 1999).
Results
Search effort and occurrence of dolphins off the 
west coast of Inhaca Island, Maputo Bay
The search effort consisted of 130 boat trips, 
carried out during 103 days between May 2004 
and October 2005. The total duration of the boat 
trips was 343.3 hours. Only 19 (14.6% of 
occurrence) humpback and 32 bottlenose 
dolphin groups (24.6% occurrence) were 
observed. The sighting effort varied between 
months, but in general there were inverse 
seasonal trends between species: bottlenose 
dolphins were more abundant during winter 
(May 2004-September 2004), while humpback 
dolphins were more common during summer 
(Dec 2004- April 2005) (Table 4). However, 
during surveys carried out in winter 2005 (June 
to October 2005) there were no sightings of 
either humpback or bottlenose dolphins.
Table 4. Seasonal occurrence (% of trips) of 
bottlenose and humpback dolphins observed off the 
west coast of Inhaca Island, Maputo Bay
Group size and age structure of bottlenose and 
humpback dolphins in Maputo Bay
Group sizes of bottlenose dolphins varied 
between 1 and 60 individuals with a mean of 
18.89 (sd=12.5) dolphins. Group size did not 
seem to change between seasons (Table 5). Group 
sizes of humpback dolphins varied between 6 and 
23 individuals, with a mean of 9.78 (sd=2.44) 
dolphins, and appeared to change seasonally. 
Larger groups were observed in summer (Table 
5), however, this difference was not statistically 
significant (student t-test, t=-0.67, df=17, p>0.05). 
Table 5. Seasonal group size of humpback and 
bottlenose groups (standard deviations in brackets) 
observed at Inhaca Island between May 2004 and 
October 2005.(n=sample size)
The age structure of bottlenose dolphin groups 
did not seem to change between seasons, but this 
may be due to the small sample size obtained 
during the summer. However, groups of 
humpback dolphins tended to have more adults 
during winter, while the proportion of calves and 
juveniles increased in summer. Newborn 
humpback dolphins (those with age less than a 
month) consisted of 5% of the group members and 
were observed during summer months (December 
2004, January-April 2005).
Table 6. Age structure of groups of bottlenose and 
humpback dolphins (in percentage) observed off the 
west coast of Inhaca Island observed between May 
2004 and October 2005. 
Photo-identification, association levels and 
abundance estimates of humpback dolphins at 
Inhaca Island
In total 28.3 hours were spent following 
dolphins and taking pictures of their dorsal fins. 
30 rolls of 36 exposures slide films were used to 
photograph 10 groups of humpback dolphins. 
198 photographs were catalogued of which 111 
photographs were of dolphins without natural 
marks. From the other 87 photographs, 23 
dolphins with natural marks were identified: 9 of 
the identified dolphins were photographed for 
the first time in Maputo Bay, while 14 were 
previously identified in 1992-1997 (12 
individuals) and in 2001 (2 individuals). In the 
first 40 days of the study 13 individuals (30.4%) 
were identified and new individuals were being 
identified throughout the summer period 
(December 2004-April 2005).
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Winter Summer Mean monthly 
   occurrence
Number of trips 102 28 130
Bottlenose dolphins 43.1% 11.7% 19.5 %
(% of occurrence)
Humpback dolphins 10.3% 46.7% 20.4 %
(% of occurrence)
Mean group size
Species Winter Summer
Bottlenose dolphins 19.4 (18.9) 21 (4)
n= 30 n= 2
Humpback dolphins 4.8 (2.3) 15.3 (3.5)
n= 8 n= 11
Stage Bottlenose         Humpback  
  dolphins     dolphins (Inhaca)
Winter Summer Winter Summer
Adults (%) 70.9 71.4 76.9 52.7
Juveniles (%) 17.1 14.3 15.3 33
Calves (%) 12 14.3 7.7 12.3
Sample size 30 2 8 11
During the 35 weeks that surveys took place, 
identified dolphins were seen during 5 weeks. 
The number of sightings of identified individuals 
varied between 1 and 8 times. Most individuals 
were observed between 2 and 5 (75%) times, 
21.7% of individuals occurred once and only one 
individual (4.3%) was observed during 8 trips. 
The number of sightings was insufficient to 
evaluate the residency pattern. However, the fact 
that some dolphins have occurred in the area since 
1992 imply that they have a long term site fidelity. 
The mean simple index of association of 
dolphins was 0.25 and ranged between 0 and 1. 
A large proportion (40%) of the possible pairs (99 
pairs) was not observed and only 3% of the pairs 
had an index of association in the range of 0.8-1.
The Petersen abundance estimate of the 
humpback dolphins at Inhaca Island was 165 
(118-277  95% Confidence Interval) individuals. 
This population estimate was obtained from 10 
sightings that took place during summer 2005 
(December 2004-April 2005).
Relative abundance of bottlenose and 
humpback dolphins at Inhaca Island
The overall abundance of bottlenose dolphins 
was 0.97 (sd= 6.75) dolphins/hour of survey. It 
varied between 0.98 dolphins/hour in July 2004 
to 3.2 dolphins/hour in September 2004. The 
abundance was zero in January-March 2005 
and June- October 2005.
The overall relative abundance of humpback 
dolphins was 1.8 (sd= 1.8) dolphins/hour of 
survey. The mean monthly abundance varied 
from 0.01 in August 2004 and 6.6 in March 
2005. In September 2004 and between June and 
October 2005 the relative abundance was zero. 
Bottlenose dolphins abundance increased in 
winter while those of humpback increased in 
summer (Table 7), however, the increase was not 
statistically significant (z=0.029, df=109, p>0.05 
and z=0.1717, df=109, p>0.05 for bottlenose and 
humpback dolphins, respectively).
Table 7. Mean seasonal abundance rates 
(dolphins sighted per hour of survey) and standard 
deviations (in brackets) of bottlenose and 
humpback dolphins off the west coast of Inhaca 
Island, Maputo Bay
Species Winter Summer
Bottlenose dolphins   1.8 (1.8) 0.7 (1.0)
Humpback dolphins 0.16 (1.2) 2.8 (4.5)
Behaviour of bottlenose dolphins off the west coast 
of Inhaca Island, Maputo Bay
The behaviour of bottlenose dolphins was 
studied between May and September 2004. Six 
behaviour categories were recorded during 
21.4 hours of observation. Foraging was the 
dominant behaviour (42.2% of time) followed 
by travel (35.8% of time) and social behaviour 
(18.1%) (Kruskal Wallis: H=73.59, n=68, 
p=0.0021). 
Figure 3. The mean percent of time of each behaviour in 
Maputo Bay (R=resting, F=foraging, OF=opportunistic 
foraging, M=milling, S=social, T=travel).
Behaviour was observed during high tide (for 5.2 
hours), rising tide (5.6 hours) and ebb tide (5.2 
hours).  During high and rising tides, the most 
dominant behaviours were travel and foraging. 
Resting behaviour did not occur during high 
tide and rising tides, and milling was not 
observed during high tide. During ebb tides 
foraging behaviour dominated, followed by 
social and travel behaviours. However, the 
proportion of time that these behaviours 
occurred did not differ significantly between 
tides (Kruskal Wallis: H= 71.014, n=68, 
p=0.9715). In relation to time time of the day, 2 7 
hours of the observations were in the morning 
and 18.7 in the afternoon.
Habitat preference of bottlenose dolphins in 
Maputo Bay
Bottlenose dolphins spent 15.2 hour in the 
channels, 5 hours over the sand bank and 1.2 
hours in other habitats (seagrass meadows and 
coral reef). The mean time spent by dolphins at 
these habitat differed significantly (Kruskal 
wallis H=24.23, n=68, p = 0.029).
.
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The estimated humpback dolphin population in 
Maputo Bay is relatively large (165 animals) 
compared to the population off the South coast of 
Zanzibar (63). Although the estimate for Maputo 
Bay is also associated with large variations in the 
sighting history of marked individuals, making 
detailed comparisons between the two areas 
difficult. These variations may occur because 
dolphins may range to areas inaccessible by boats 
(due to shallow depths) or outside the bay. 
Several identifiable humpback dolphins 
showed long term site fidelity or, at least, visit the 
bay over a long period of time. The increase of 
proportion of newly identified dolphins indicate 
that there is a large turnover of individuals over 
few years (1997 to 2001, and from 2001 to  
2005). It was not possible to take photographs of 
dolphins during winter, because of logistic 
problems, and it was therefore not possible to 
reveal which individuals remained in the Bay 
during this season. 
The behaviour of bottlenose dolphin in Maputo 
Bay showed that foraging is the most important 
activity followed by travel and social behaviours. 
This is consistent with previous finding in 
Maputo Bay (Guissamulo, submitted), but it 
differs from the patterns obtained at open sea 
habitats at Natal Coast (Peddemors 1995) and 
Ponta do Ouro (Fernandes 2006). 
Tides do not seem to influence the daylight 
behaviour of bottlenose dolphins significantly, 
but to some extent there were changes in the 
percent of time allocated to the behaviour travel. 
Possibly, their occurrence near the mouth of the 
bay may imply less tidal influence. 
Figure 4. Percentage of duration of behaviours (and standard errors) exhibited by 
bottlenose dolphins at the west coast of Inhaca Island. Maputo Bay. 
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Discussion
The occurrence of bottlenose and humpback 
dolphins off the west coast of Inhaca Island 
varied seasonally and these trends may imply 
either differences in prey availability or maybe 
social aspects of the species. Seasonal changes 
in group size and structure of humpback 
dolphins, suggest that summer is the time for 
more interactions between groups. Whether this 
is caused by an increased availability of prey in 
the bay or by social factors such as search of 
mates, needs to be established. During the 
summer there was also occurrence of newborn 
humpback dolphins. However, during winter, 
group composition was dominated by adults. 
The question now is where do juvenile 
humpback dolphins occur during the winter?
Regarding the bottlenose dolphins, there were 
large differences of sample size between seasons 
that preclude any consistent conclusion and low 
sampling effort during winter 2005, resulted in 
lack of sightings of both species. Whether other 
factors governed low dolphin abundance 
during this period is unknown. 
The relative abundance of the two dolphin 
species was low, showing that dolphins are not 
very common in the bay, but there were 
reciprocal seasonal patterns of variation of 
relative abundance between species. The 
increase in abundance during different 
seasons, imply that the two dolphin species in 
the Bay respond differently to factors 
influencing their abundance (prey abundance 
or/and reproduction). The winter increase of 
abundance of bottlenose dolphins in the Bay is 
consistent with findings of Peddemors (1995), 
off the east coast of Kwazulu-Natal.
3.2 Genetic population structure of the Indo-Pacific bottlenose dolphins 
by A. Särnblad and P. Berggren
The genus Tursiops is polytypic and currently 
two species are recognized; T. truncatus 
(common bottlenose dolphin) and T. aduncus 
(Indo-Pacific bottlenose dolphin) (LeDuc et al., 
1999). The latter is restricted to tropical and 
subtropical waters in the Indian Ocean and the 
Pacific (Ross, 1977; Ross and Cockcroft, 1990; 
Wang et al., 1999; Möller and Beheregaray, 
2001) whereas T. truncatus has a global 
distribution in temperate, subtropical and 
tropical waters (Rice, 1998). They co-exist in 
several regions and are distinguished from each 
other morphologically (in colour pattern, cranial 
structure and body dimensions) as well as 
genetically (Wang et al., 1999; Wang et al., 
2000a,b). Both species show high genetic 
diversity with strong phylogeographic 
structuring and due to high intra- and 
interspecific divergence there are still taxonomic 
issues that need to be resolved within the genus 
(Reeves et al., 2004; Natoli et al., 2004). A 
possible third species of Tursiops has recently 
been suggested by Natoli et al. (2004). They 
found that coastal bottlenose dolphins off South 
Africa (previously classified as T. aduncus) 
differentiated significantly from both T. aduncus 
off China and T. truncatus worldwide (Atlantic, 
Gulf of Mexico, Mediterranean, and the Pacific). 
Phylogenetic analyses of mitochondrial DNA 
(mtDNA) showed that the South African 
population represents an independent lineage 
from both T. truncatus and T. aduncus and this 
was further supported by microsatellite DNA 
markers which showed large genetic distances 
between the South African population and all 
other populations in the study (Natoli et al., 
2004). T. aduncus was originally described based 
on specimens collected in South Africa (Ross, 
1977). Therefore Natoli et al. (2004) proposed a 
reclassification of the Chinese population as a 
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Introduction
Understanding the genetic structure of a 
population of animals is important in studies of 
ecological interactions both within and between 
species (Dowling and Brown, 1993). It provides 
information for evaluation of current and 
potential future distribution and abundance and 
when defining evolutionary and management 
units for questions regarding conservation issues 
(Smith and Wayne, 1996). The genetic 
population structure can also help to discover 
depleted gene pools or bottleneck events and to 
show gene flow between different geographic 
areas (Smith and Wayne, 1996; Sunnucks, 2000). 
For cetaceans (whales, dolphins and porpoises) 
that live in an aquatic environment, it may be 
difficult to determine when members in a group 
interbreed. They spend most of their time 
submerged and behavioural data collection is 
therefore usually restricted to the time animals 
spend at the surface. Apparent lack of 
geographical boundaries and cetaceans' 
capability to move over large areas further 
complicate estimation of population structuring. 
However, recent advances in molecular methods 
and sampling techniques have greatly improved 
the ability to investigate genetic population 
structure and several studies have shown that 
cetaceans may show fine scale structuring with 
reproductively isolated units despite short 
distances between sub-units (e.g. Wang and 
Berggren, 1997; Pichler et al., 1998; Wang et al., 
1999; Natoli et al., 2004).
Pressurised darting rifle used to shoot biopsy dart to 
take biopsy sample from a dolphins off the South cost of 
Zanzibar. (© Göran Asplund)
Skin biopsy dart rebounding after taking a sample from 
a bottlenose dolphin off the South cost of Zanzibar. 
(© Per Berggren)
third species while the South African animals 
retain the name T. aduncus, given that further 
analyses support isolation and differentiation 
among these populations. 
The objectives of this study were to determine 
the phylogenetic placement of the bottlenose 
dolphins found off Zanzibar and to investigate 
the potential population differentiation between 
animals found off the northern and southern 
coasts of Zanzibar. Comparisons are made with 
published mitochondrial DNA (mtDNA) 
sequence data from populations of T. aduncus 
off southeast Australia (Möller and Beheregary, 
2001), T. aduncus and T. truncatus off China 
(Wang et al., 1999) and the proposed new 
species of Tursiops off South Africa (Natoli et al., 
2004) to clarify the taxonomic status of the 
Zanzibar bottlenose dolphins.
Materials and methods
Skin biopsies were collected during boat based 
surveys off the south coast of Zanzibar in 2003 
and 2004 using a remote dart biopsy system 
designed for small cetaceans (Krützen et al., 
2002). Prior to darting a photograph of the 
dorsal fin was taken for individual identification 
of the sampled dolphins. The biopsies were 
stored in saturated sodium chloride solution 
o
with 20% DMSO at 5 C temperature while on 
o
Zanzibar and at  -20 C in Sweden. In addition, 
small frozen muscle samples from T. aduncus 
bycaught in fishing gear off Zanzibar (see 
sections 5.1 and 5.2 below) were transferred to a 
sodium chloride saturated 20% dimethyl 
sulphoxide (DMSO) solution (Amos and 
Hoelzel, 1991) and transported to Sweden. In 
total 45 samples (23 muscle and 22 skin 
biopsies) were analysed for variation in their 
mtDNA control region sequences. DNA was 
extracted using Qiagen's DNeasy tissue kit 
(Qiagen) following the manufacturers protocol. 
Previously published mtDNA sequences from 
bottlenose dolphins were included for 
comparison. These include T. aduncus from the 
western Pacific; off southeast Australia, Port 
Steven (PS) and Jervis Bay (JB) (haplotypes 
SEA1-4, n=57) (Möller and Beheregary, 2001) 
and from Taiwan, Indonesia, Behai in southern 
China (haplotypes CHA1-6 and CHA8-11, 
n=19) (Wang et al., 1999) and additional 
samples from the western Indian Ocean; i.e. 
South Africa (haplotypes SA1-4 and SAt, n=38) 
(Natoli et al., 2004). Sequences from T. truncatus 
(Tt 1 - 14) off southern China were included for 
phylogenetic analyses (Wang et al., 1999).  For a 
complete list of the samples included in the 
study see Appendix 1.
Amplification and sequencing
Amplification of the mitochondrial control 
region was performed in a 25µl polymerase 
chain reaction (PCR) with primers 
Reactions contained 2µl genomic DNA, 0.8µM 
dNTP (ABgene), 2.5mM MgCl2, 2.5µg BSA, 5.2 
pmol of each primer, 2.5µl 10xPCR Gold Buffer, 
one Unit AmpliTaq Gold DNA polymerase 
(Perkin-Elmer Cetus) and 11.9µl H2O. The 
o
cycling parameters for the PCR were: 94 C 
denaturation for 10 minutes, followed by 30 
o o
cycles of 94 C denaturation for 30s, 54 C primer 
o
annealing for 30s, 72 C polymerase extension for 
o
60s and was completed with one 72 C 
polymerase extension for 7 minutes. PCR 
products were purified with Qiagen PCR 
purification columns. 29 of the samples were 
sequenced using a CEQ 8000 automated 
sequencer (Beckman and Coulter), following the 
manufacturer's instructions. Sequencing of the 
remaining 16 samples was performed on an ABI 
3130XL system by DNA Technology A/S in 
Denmark. The resulting sequences were aligned 
in Bioedit 5.0.9 (Hall, 1999) checked by eye and 
assigned to haplotypes. 
Phylogenetic analyses
Individual haplotypes were compared and their 
phylogenetic relationship inferred with 
maximum parsimony (MP) distance method 
using the software PAUP* 4.0b10 (Swofford, 
1998). Trees were obtained using weighted (ti/tv 
ratio set to 6:1 based on values observed in the 
dataset) character analysis. A heuristic search 
with 10 000 replications and 10 starting trees per 
replicate with the tree bisection and reconnection 
(TBR) branch-swapping method was used to 
assemble a consensus tree. For branch values a 
bootstrap analysis with 1000 replications, 10 
search repetitions and TBR branch-swapping 
were conducted. The tree was rooted with a 
homologous sequence from killer whale (Orcinus 
orca, GenBank accession no. M60409)
Population structure
To investigate potential differences in genetic 
population structure in the samples from 
Zanzibar they were divided in a northern (ZN, n 
= 22) and southern (ZS, n = 23) population. The 
distance along the coast between these two areas 
is approximately 80km. The southeast 
Australian sequences from Port Stephen and 
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Dlp-1,5F (5'-TCACCCAAAGCTGRARTTCTA-3') and Dlp-
5R(5'-CCATCGWGATGTCTTATTTAAGRGGAA-3') 
(Baker et al., 1993)
 
.
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Jervis Bay, separated by a distance of about 400 
km, were also treated as two separate 
populations in the analyses. Shared haplotypes 
and proportion of genetic diversity within and 
among populations was searched for using the 
software ARLEQUIN version 2.000 (Schneider 
et al., 2000). MtDNA polymorphism within and 
among populations was estimated as haplotype 
diversity, H (Nei and Tajima, 1981), nucleotide 
diversity (within groups) and divergence 
(between groups), π  (Nei, 1987). Genetic 
n
differentiation among pairwise populations was 
estimated using  statistics, which give a 
measure of population subdivision.  is an 
analogue to Wright's fixation index; F  (Wright, 
ST
1951), that incorporates information on the 
Φ
ST
Φ
ST
degree of genetic distance between haplotypes 
and the frequency of haplotypes in each 
population. Null distributions of pairwise  
values, under the hypothesis of panmixia, were 
obtained by 10 000 permutations of haplotypes 
between localities in ARLEQUIN version 2.000 
(Schneider et al., 2000). All calculations were 
made using the Tamura-Nei molecular distance 
method (Tamura and Nei, 1993) with 
correction set to 0.5 (following Krützen et al., 
2004). Transitions, transversions and indels were 
given the same weight in the calculations. A 
minimum spanning network of haplotypes was 
constructed based on sequence pairwise 
differences (Rohlf, 1973) to visually examine 
relationships among the haplotypes. The 
Φ
ST
γ-
Table 8. T. aduncus mtDNA haplotypes as defined by variable sites. Matching nucleotides relative to the top sequence 
are indicated by dots. The frequency of occurrence of each haplotype (Z1-Z6, SA1-SA4, SAt, CHA1-CHA11 and 
SEA1-SEA4) in each location is also provided. Location abbreviations: Northern Zanzibar (ZN), southern Zanzibar 
(ZS), South Africa (SA), southeast Australia (SEA): Port Steven (PS) and Jervis Bay (JB); and China (CHA)
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Figure 5. Minimum spanning network showing the relationship among the mtDNA 
sequences. Each branch represents one mutational step. Hash marks along branches 
indicate the number of nucleotide differences separating each haplotype when there is 
more than one. The shape of the haplotypes illustrates the two regions: western Indian 
Ocean (circle) and western Pacific (diamond).
distribution of observed number of differences 
between pair of haplotypes within the western 
Indian Ocean and western Pacific was compared 
to estimated expected distributions within the 
areas assuming a model of sudden expansion in 
a mismatch analysis (Schneider and Excoffier, 
1999). This distribution is multimodal in 
samples drawn from populations in 
demographic equilibrium and conversely 
unimodal for a population that recently have 
passed through a demographic expansion. A 
non-significant value of the sum of square 
deviations between the observed and expected 
mismatch indicates an expanding population. 
Results and discussion
Sequencing of the 45 samples from Zanzibar 
resulted in a 429bp final fragment of the mtDNA 
control region. Due to differences in fragment 
length alignment with the previously published 
sequences, the 429bp had to be reduced to a 
comparable region of 281bp. Among the samples 
from Zanzibar this sequence region contained 7 
polymorphic sites that defined 9 distinct 
haplotypes (Table 4). Three of the haplotypes 
were identical with the South African haplotypes 
SA1, SA3, and SAt and the remaining six 
haplotypes are referred to as Z1-Z6. Two 
haplotypes, Z1 and SA3 were found both off 
northern and southern Zanzibar. Haplotypes Z2, 
Z3 and SAt were only found off southern 
Zanzibar and Z4 - 6 and SA1 only off northern 
Zanzibar. The relationship between all T. aduncus 
haplotypes are shown in the minimum spanning 
network (Figure 5) which illustrates a separation 
between the western Pacific and western Indian 
Ocean and also shows the close relationship of 
the haplotypes within the two regions. 
The haplotype diversities in populations varied 
between 0.29 and 0.88 and nucleotide diversities 
varied between 0.22% and 1.66% (Table 9). 
Table 9. Nucleotide (π ) and haplotype (H) diversities 
n
for T. aduncus populations in the western Indian 
Ocean and western Pacific. Standard deviations are 
indicated in parentheses
Further, the nucleotide divergence was greater 
between the western Indian Ocean and the 
western Pacific; Zanzibar and China (2.8%, SD 
1.47), Zanzibar and Australia (3.5%, SD 1.79), 
South Africa and China (2.9%, SD 1.53), South 
Africa and Australia (3.5%, SD 1.81), than within 
oceans; Zanzibar and South Africa (0.5%, SD 
0.36) and China and Australia (1.00%, SD 0.60) 
(Table 10). The nucleotide divergences found 
between the oceans were in fact of the same 
magnitude as found between different species of 
dolphins in other studies (Pichler et al., 1998; 
Wang et al., 1999; Möller and Beheregary, 2001)
Table10. Nucleotide divergence in percentage (below 
diagonal) and corresponding standard deviation 
(above diagonal) between the western Indian Ocean 
and western Pacific regions
Both the low nucleotide divergence and the fact 
that there are shared haplotypes and fewer steps 
separating the haplotypes from Zanzibar and 
South Africa indicate a close relationship 
between animals from these two areas and 
further suggests a more recent common history 
within the western Indian Ocean than the 
western Pacific. Additionally, the phylogenetic 
analyses separate the haplotypes into three 
groups where the Zanzibar and South African 
haplotypes form a lineage separated from T. 
truncatus off China and the Chinese and 
Australian T. aduncus haplotypes (Appendix 2). 
Taken together these results strongly indicate 
that the bottlenose dolphins found off Zanzibar 
are more closely related to T. aduncus off South 
Africa than T. aduncus in the western Pacific. 
Following the classification suggested by Natoli 
et al. (2004), these findings suggest that the 
bottlenose dolphins found off Zanzibar should 
be classified as T. aduncus, alongside the South 
African animals. Obviously these results would 
benefit from corroboration from other data 
sources such as morphological character 
analyses. However, based on the present findings 
the implication is that the Zanzibar and South 
African dolphins are of the same species, South 
African T. aduncus, and that their range includes 
the tropical western Indian Ocean, including the 
coastal waters of Zanzibar. 
Significant population differentiation was found 
between all regions (  > 0.19, p < 0.001) except 
between southern Zanzibar and South Africa 
(  = 0.04, p = 0.07) and Australian Port Steven 
and Jervis Bay (  = -0.04, p = 0.9) (Table 3.2.4). 
Observational data have indicated that the 
bottlenose dolphins off southern Zanzibar form 
a small and resident population (see section 3.1.1 
above). The analyses of genetic differentiation 
supports this analysis since a significant 
separation was found between the bottlenose 
dolphins off northern and southern Zanzibar 
(  = 0.31, p < 0.001) (Table 11). For northern 
and southern Zanzibar 31% of the total variation 
is partitioned between the areas which clearly 
indicates a limited exchange of reproducing 
females over this relatively short distance 
(approx. 80km). This differentiation was also 
evident when using the full length, 429bp, of the 
Zanzibar sequences (  = 0.29, p<0.001). Several 
s tud i e s  have  shown subpopu la t i on  
differentiation within cetacean species despite 
lack of geographic boundaries (Wang and 
Berggren, 1997; Wesley et al., 2001; Yoshida et 
al., 2001; Krützen et al., 2004). In some cases 
though, cryptic species or incipient speciation 
may underlie differences among cetaceans with 
overlapping geographical ranges (Dowling and 
Brown, 1993) and with an increased use of 
molecular markers this have become even more 
evident. However, this can not explain the 
differentiation observed between the northern 
and southern Zanzibar since the phylogenetic 
analysis placed all haplotypes from the western 
Indian Ocean within the same group. Further, 
the northern Zanzibar population is significantly 
differentiated from both the Chinese (  = 0.79, 
p < 0.001) as well as the Australian populations 
( >0.90, p<0.001) (Table 11). 
Φ
ST
Φ
ST
Φ
ST
Φ
ST
Φ
ST
Φ
ST
Φ
ST
15
Nucleotide Haplotype 
Location n diversity (%) diversity
Zanzibar N 22 0.54 (0.38) 0.71 (0.08)
Zanzibar S 23 0.57 (0.39) 0.60 (0.10)
China 19 1.66 (0.95) 0.88 (0.06)
South Africa 38 0.22 (0.20) 0.29 (0.09)
Australia PS 40 0.58 (0.39) 0.51 (0.02)
Australia JB 17 0.74 (0.49) 0.64 (0.07)
Zanzibar China South Africa Australia
Zanzibar   * 1.47 0.36 1.79
China 2.82   * 1.53 0.60
South Africa 0.54 2.93   * 1.81
Australia 3.51 1.00 3.54   *
females than for males in Shark Bay, Australia 
(Krützen et al., 2004). However, since mtDNA 
only reflects the maternal population further 
genetic studies using nuclear DNA data that 
include the male-mediated geneflow (e.g. using 
microsatellites) are required to resolve and 
explain the population structuring observed 
round Zanzibar. 
Since the completion of this study all samples 
collected off Zanzibar (both biopsies and 
bycatch) have been genotyped at 7 microsatellite 
loci and an extended geographical analysis 
based on both mtDNA and microsatellites is 
ongoing. We are currently conducting 
laboratory analyses of additional samples from 
Oman and Mayotte which also will be included 
in the study. Preliminary microsatellite analyses 
on part of the data-material from Zanzibar show 
a genetic differentiation between northern and 
southern Zanzibar which support the results 
from the mtDNA analyses.
Conclusion
Although further studies are required to resolve 
the population structure, gene flow and 
phylogenetic placement of the bottlenose 
dolphins throughout the western Indian Ocean, 
the results in this study are important for the 
conservation and management of the T. aduncus 
populations distributed round Zanzibar. There 
is a clear indication of a genetic break in the 
mtDNA sequence data which isolates the 
northern and southern Zanzibar populations. 
This result is also supported by preliminary 
results from the ongoing microsatellite analyses. 
Therefore, until additional data from nuclear 
DNA are available, it is appropriate to treat the T. 
aduncus found off northern and southern 
Zanzibar as separate management units when 
assessing the impact from bycatch, dolphin 
tourism and other anthropogenic threats.
This work has been submitted for publication: 
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aduncus) off Zanzibar, Tanzania. Submitted to 
Biological Conservation.
Table 11. Pairwise  (below diagonal) and 
corresponding p-values (above diagonal) for T. 
aduncus populations in western Indian Ocean and 
western Pacific. Pcrit= 0.0033 after sequential 
Bonferroni correction
The lack of significant difference between 
southern Zanzibar population and T. aduncus off 
South Africa suggest that the animals found in 
these areas has a more recent common 
evolutionary history than the northern and 
southern Zanzibar populations. Lack of isolation 
by distance as found within the western Indian 
Ocean can be expected in a population which 
recently has undergone a range expansion and 
not yet reached migration-drift equilibrium 
(Slatkin, 1993). The mismatch analysis suggests 
a historical sudden expansion in population size 
within the western Indian Ocean (p = 0.22). This 
is further supported by the low  values and 
the lack of phylogeographic structuring with 
several shared haplotypes between South Africa 
and southern Zanzibar which suggest a common 
founder population or a recent range-expansion 
for these populations. 
In Zanzibar, the differentiation between the 
northern and southern populations may be 
explained by several independent historical 
founder events, either from different populations 
or possibly from the same population but at 
different times. Further, the low nucleotide 
divergence (0.68%, SD 0.44) among the 
Zanzibar haplotypes is indicative of a long term 
small effective population size or could be the 
result of recent founder events or bottlenecks. 
Female philopatry may be a mechanism 
isolating maternal lineages while a male 
mediated geneflow is still maintained. Recent 
molecular studies of T. aduncus have also shown 
indications of a more restricted dispersal for 
Φ
ST
Φ
ST
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Zanzibar Zanzibar China South Australia Australia
     N     S Africa        PS      JB
Zanzibar N *  <0.001  <0.001  <0.001 <0.001 <0.001
Zanzibar S 0.31   * <0.001 0.07 <0.001 <0.001
China 0.79 0.82      * <0.001 <0.001 <0.001
South Africa 0.53 0.04 0.88   * <0.001 <0.001
Australia PS 0.91 0.91 0.29 0.94    * 0.9
Australia JB 0.90 0.90 0.19 0.94 -0.04  *
3.3 Investigation of age structure and biology of dolphins retrieved 
from fisheries bycatch 
by O. A. Amir, P. Berggren & N. S. Jiddawi
Introduction
In order to assess the status of animal 
populations it is necessary to have information 
on life history parameters (age structure, survival 
and reproductive biology). To date there is only 
data available on age, growth and reproduction 
for one species of dolphins in the WIO, the 
bottlenose dolphin from the east coast of South 
Africa (Cockroft and Ross 1990a). To 
understand the population dynamics of 
dolphins it is important to know the age and size 
at which animals reach sexual maturity and thus 
when the species initiates breeding (Bryden and 
Harrison, 1986). It is important to note that the 
age and size at sexual maturity may differ 
significantly within a cetacean species due to 
several factors, such as climate, diet and 
exploitation (Bryden and Harrison, 1986). For 
example, the age at sexual maturity was lower 
and the calving interval shorter in a stock of 
striped dolphins (Stenella coeruleoalba) off Japan 
when comparing samples from post-exploitation 
animals to pre-exploitation (Kasuya 1985). 
Similarly, female spinner dolphins (Stenella 
longirostris) in the eastern tropical Pacific (ETP) 
were also shown to mature at a younger age 
when comparing samples of animals collected 
after and before heavy exploitation in the form of 
incidental mortality in the purse seine tuna 
fishery (Perrin and Reilly, 1984). The Indo-
Pacific bottlenose dolphin is the most common 
species caught in gillnet fisheries around 
Zanzibar (Amir et al. 2002; 2005). This species 
has also been the main target for the dolphin 
tourism in Zanzibar (Amir and Jiddawi, 2001). 
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The aim of this study was to collect biological 
data including age, sex and maturity in order to 
investigate life history parameters of bycaught 
Indo-Pacific bottlenose dolphins retrieved from 
fisheries, and to provide baseline information 
for future monitoring of dolphins in Zanzibar 
and the WIO region.
Materials and methods
Samples from dolphins bycaught in drift- and 
bottom set gillnet fisheries around Zanzibar 
were collected between January 2000 and 
December 2005 by the Institute of Marine 
Sciences (IMS). Fishermen from 12 fish 
landing stations were asked to send and report 
every dolphin found dead in gillnets to 
fisheries beach recorders (employed by the 
Department of Fisheries and Marine 
Resources) or a contact person at Zanzibar 
Central market. The specimens were then 
transported to IMS where the dolphins were 
identified to species and dissected. 
Data and samples of 62 Indo-Pacific bottlenose 
dolphins (30 females and 32 males) were 
collected throughout the study. Sex was 
determined externally and confirmed by 
examination of gonads. Total length was 
measured to the nearest cm in a straight line 
from the tip of the rostrum to the fluke notch. 
Age determination
Teeth from 36 specimens were available for age 
determination (Table 12a & b). The teeth were 
removed from the lower left or the upper left jaw 
and preserved in 70% ethanol (in later years 
teeth were stored frozen instead of preserved in 
ethanol). In the laboratory, teeth were 
decalcified in 5% HNO  for six hours, washed in 
3
running water overnight and then cut in 20-
micrometer thick longitudinal sections using a 
freezing microtome. The sections were stained 
in Mayer's haematoxylin for 45 minutes before 
mounting on microscope glass and examination 
in transmitted light according to methods 
described by Kvam (1995). Age determination 
was based on the reading of annual growth layer 
groups (GLGs) counted in the dentine, a 
method most commonly used for ageing of 
toothed whales (Perrin and Myrick 1980). 
Three independent observers made at least two 
readings (counted dentinal GLGs) without 
access to information of the size or reproductive 
status of the animals. If age estimates differed 
A sectioned tooth from an Indo-Pacific bottlenose 
dolphin showing growth layer groups used to 
estimate age. (© Omar Amir)
at age and length, excluding all females with no 
corpora was calculated.
Males: Testes from 32 males were obtained for 
histological analyses (Table 12b). After removal 
of the epididymus, the weight to the nearest 0.1g 
and dimensions (length x maximum height x 
width) of each testis were recorded. The 
epididymus was visually checked for the presence 
of sperm and scored as present or not. Small 
testes and a section, removed from the center, of 
each large testis were preserved in 10% formalin 
until subsequent histological preparation. All 
samples were sent to Histopathology and Morbid 
Anatomy, Muhimbili Medical Center, Dar es 
Salaam, Tanzania for standard histological 
preparation. Histological slides were prepared 
after the testis tissue had been sectioned in 3µm 
sections, dried in hot air oven, stained with Harris 
haematoxylin and counterstained by eosin, 
dehydrated with alcohol and cleared with xylene. 
The sections were then mounted and coversliped 
with D.P.X and examined for the presence and 
abundance of spermatogonia, spermatocytes and 
Sp. No. Date of Length Age Combined   Mean Reproductive 
capture   (cm) (yr) tested wt  tubule    condition
     (g) diameter
1 TA061 21/11/2003 117 2.5 45.44 Immature
2 TA039 21/02/2002 121 2.7 58.10 Immature
3 TA014 04/04/2002 125.5 0.3 10.0 55.25 Immature
4 TA019 24/06/2002 126 0.4 4.0 58.42 Immature
5 TA066 26/02/2004 129 5.7 58.87 Immature
6 TA016 25/04/2000 130 0.3 9.0 59.69 Immature
7 TA070 22/09/2004 133 4.5 59.35 Immature
8 TA011 31/03/2000 138 0.7 10.3 59.37 Immature
9 TA021 23/08/2000 149 0.9 8.0 63.18 Immature
10 TA057 09/03/2003 153 5.7 65.55 Immature
11 TA044 13/08/2002 159 7.2 69.87 Immature
12 TA023 05/10/2000 160 1.5 10.0 70.80 Immature
13 TA042 09/05/2002 173 12.6 60.01 Immature
14 TA043 06/08/2002 173 13.1 84.76 Immature
15 TA047 30/10/2002 186 26.7 89.97 Immature
16 TA055 06/08/2003 191 12.3 86.54 Immature
17 TA058 23/09/2003 193 15.0 69.98 Immature
18 TA036 14/09/2001 193 6 24.0 70.17 Immature
19 TA045 30/10/2002 197 34.6 91.05 Immature
20 TA065 26/02/2004 198 26.4 96.7 Immature
21 TA048 23/11/2002 202 79.4 100.01 Pubertal
22 TA027 13/03/2001 202 13 80.0 102.60 Pubertal
23 TA046 30/10/2002 203 124.6 111.3 Pubertal
24 TA013 03/04/2000 205 15 136.0 127.30 Pubertal
25 TA008 13/03/2000 213 1001.0 177.76 Mature
26 TA052 06/02/2003 215 1113.2 178.22 Mature
27 TA034 23/08/2001 217 1236.0 190.50 Mature
28 TA063 11/12/2003 222 1089.7 259.8 Mature
29 TA030 26/07/2001 223 1125.0 268.30 Mature
30 TA020 03/08/2000 225 1309.0 264.50 Mature
31 TA005 30/01/2000 232 30 1617.0 219.70 Mature
32 TA025 22/11/2000 238 33 462.0 213.04 Mature
Table 12b. Date of capture length, combined testes 
weight and reproductive data of male Indo-Pacific 
bottlenose dolphins.
between observers, these teeth sections were re-
examined jointly by the observers in order to 
reach consensus on the number of GLGs. Teeth 
in which the last layers were not readable were 
assigned a value by a plus sign, assuming that 
they had at least that many GLGs.  
Reproductive biology
Females: The ovaries were obtained from 30 
females (Table 12a). Both ovaries were excised 
from each female dolphin, weighed to the nearest 
0.1g and then preserved in 10% buffered formalin 
according to Marsh and Kasuya (1984). In the 
laboratory, the number of corpora lutea (CL) and 
corpora albicantia (CA) were counted after hand-
slicing the cortex and medulla in 1-2mm intervals 
(Marsh and Kasuya 1984). Each female was 
classified according to Perrin and Donovan 
(1984) into one of the following categories; 
immature (CL or CA not present) or mature (at 
least one CL or CA present). Mature females were 
further classified as lactating, pregnant, pregnant 
and lactating, or resting (neither pregnant nor 
lactating). A linear regression of corpora number 
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Sp. No. Capture Length Age Combined Number Reproductive 
    date   (cm) ovary wt of corpora   condition
     (g)
1 TA007 23/02/2000 103.5 0.2 1.5 0 Immature
2 TA006 05/02/2000 108.5 0.3 0.6 0 Immature
3 TA009 27/03/2000 125 0.4 2.7 0 Immature
4 TA033 17/08/2001 125 0.8 2.0 0 Immature
5 TA051 06/02/2003 130 1.8 0 Immature
6 TA012 31/03/2000 136 1.2 3.6 0 Immature
7 TA040 05/04/2002 137 5.5 0 Immature
8 TA029 16/03/2001 139 1.5 4.0 0 Immature
9 TA071 05/10/2005 142 2.3 0 Immature
10 TA038 02/01/2002 148 5.7 0 Immature
11 TA056 08/08/2003 172 7.4 0 Immature
12 TA032 16/08/2001 185 6 4.0 0 Immature
13 TA059 21/11/2003 190 8.2 0 Immature
14 TA031 09/08/2001 200 6.0 1 Mature
15 TA037 20/11/2001 203 7.9 1 Mature
16 TA064 26/02/2004 211 11.6 2 Mature
17 TA049 02/01/2003 213 10.8 5 Mature
18 TA053 08/03/2003 213 6.5 7 Mature
19 TA024 13/10/2000 219 16 4.9 2 Mature
20 TA028 16/03/2001 219 15 8.0 4 Mature
21 TA054 25/03/2003 220 9.4 3 Mature
22 TA035 09/09/2001 220 35 13.0 5 Mature
23 TA041 09/05/2002 220 11.0 4 Mature
24 TA050 02/01/2003 220 8.4 8 Mature
25 TA010 31/03/2000 221 35 23.6 6 Mature
26 TA026 30/12/2000 221 36 19.0 6 Mature
27 TA062 28/11/2003 228 11.0 8 Mature
28 TA069 22/09/2004 229 6.7 2 Mature
29 TA068 13/06/2004 232 12.1 11 Mature
30 TA067 13/06/2004 233 13.8 7 Mature
Table 12a. Date of capture, length, combined ovary 
weight and reproductive data for female Indo-Pacific 
bottlenose dolphin
spermatozoa. On each slide the diameter of 20 
circular seminiferous tubules were measured at a 
magnification of 125 using an ocular micrometer. 
The arithmetic mean diameter was calculated 
and used as an index of tubule diameter. Three 
states of sexual maturity were defined according 
to Collet and Saint Girons (1984): immature, 
pubertal and mature. Specimens were classified 
as immature if seminiferous tubules were small, 
round and narrow and densely packed in 
interstitial tissue, and further if the tubules were 
w i t h ou t  l umen ,  c on t a i n ed  p r ima r y  
spermatogonia and no cells of later stages. The 
seminiferous tubules of pubertal animals were 
slightly elongated, with small diameter and little 
interstitial tissue between the tubules and the 
lumen was small and empty. Spermatogonia and 
spermatocytes were found in the tubules, with 
spermatids rarely present and no spermatozoa 
present. For sexually mature animals, the 
seminiferoous tubules contained spermatogonia, 
spermatocytes ,  spermat ids and of ten 
spermatozoa. The presence of spermatozoa 
indicated sexual maturity, but some specimens 
with no spermatozoa could also be classified as 
sexually mature, if the seminiferous tubules 
showed distinct elongation, with a large diameter 
and lumen and very little interstitial tissue.  
Results and discussion
Age and body length compositions of specimens
Age readings ranged from less than 1 to 36 years 
in females and less than 1 to 33 years in males 
(Tables 12a & b).  The smallest and largest 
individuals were 103.5 and 233cm for females 
and 117 and 238cm for males (Table 12 and 13). 
Body length and weight at birth
Length at birth can be estimated in a number of 
different ways and from a number of different 
sources, quantitatively and qualitatively. Due to 
the small number of calves in the sample, a 
qualitative method that does not use statistical 
techniques was used. This method uses a 
relatively small series of foetuses and newborn 
calves, note the lengths and qualitatively infer a 
likely intermediate value for length at birth. The 
largest foetus, a male, was 104.5cm long and 
weighed 15.5kg and the smallest male calf was 
117cm and 20kg. The smallest female calf 
reported was 103.5cm and weighed 12kg. This 
suggests that the length and weight at birth for 
male Indo-Pacific bottlenose dolphins round 
Zanzibar is in the range between 104-117cm and 
15.5-20kg, respectively and for females 
approximately 103cm and 12 kg. 
Breeding season
Birth season was determined by back-calculation 
using 10 calves less than 1 year old and one foetus. 
The subtraction of age from the date of capture 
suggests that 7 calves were born in summer 
(December  February) and 2 were born in winter 
(September) (Table 13). A pregnant female 
carrying the largest male foetus (104cm and 
15.5kg) was caught on 30 December 2000. Due to 
the size of the foetus, this female would probably 
have given birth within the next couple of months 
(January or February).  
Table 13. Approximate month of birth of 10 Indo-
Pacific calves and 1 foetus incidentally caught in gillnet 
fisheries off Zanzibar
Female Sexual Maturity
Following an external and internal macroscopic 
examination of ovaries, 13 immature and 17 
mature females were identified. The smallest 
female with one ovarian scar was 200cm long (age 
not available) while the largest female with no 
ovarian scars was 185cm long and 6 years old 
(Table 12a). All animals that were six years or 
older, except one (resting), were sexually mature 
and pregnant, based on the presence of CA. The 
present data suggest that females attain sexual 
maturity (first ovulation) at body lengths between 
185 and 200cm and after 6 years of age.
Seventeen of the 32 females were mature, of which 
six were lactating, one was resting and one was 
pregnant. Most mature females (62.5%, n = 5) had 
ovarian scars only in the left ovary. Scars in the right 
ovary occurred in only one dolphin. The combined 
weight of both ovaries for mature females ranged 
from 4.9g (in a resting animal) to 23.6g, (in a 
pregnant animal). Nine of the 17 females were 
immature. Their ages ranged from 0.2 to 6 years. The 
body length ranged from 103.5 to 185cm. The weight 
of both ovaries for the immature females ranged from 
0.6 to 5.7g (Table 12a). 
19
Body Mass Date of Estimated Month of 
length (kg) capture age (year)     birth
 (cm)
103.5 12 23 February 00 0.2 January
108.5 16 05 February 00 0.3 December
125 25 27 March 00 0.4 December
125 28 17 August 01 0.8 January
125.5 28 4 April 00 0.3 February
126 24 24 June 00 0.4 March
130 28.5 25 April 00 0.3 February
136 31 31 March 00 0.7 September
138 34 31 March 00 0.7 September
149 38 23 August 00 0.9 December
104 15.5 30 Dec. 00 Foetus January
study a high percentage of calves (70%) were 
born between December and February, although 
some births also occurred at other times of the 
year. A birth peak early in the year was also 
supported by field observations off the south 
coast of Zanzibar where many small calves (age 
less then one month) have been sighted during 
January to March between 1999 and 2003 (E. 
Stensland, pers. obs.). This also corresponds to 
findings by Cockcroft and Ross (1990a) who 
reported that over 60% of the births for bottlenose 
dolphins from the east coast of South Africa 
occurred between November and February. 
The current study presents information on the 
biology of Indo-Pacific bottlenose dolphins 
around Zanzibar based on a relatively limited 
sample and further these samples likely originate 
from more than one population (see section 3.2). 
The various parameters estimated in this study 
may also have been influenced by several 
potential biases, hence they include uncertainty 
and should be regarded as preliminary. Such 
errors may arise from age estimation, selectivity 
of fishing gear towards certain age or 
reproductive classes because of non-random 
sampling of individuals. It is therefore important 
to treat the results with caution. The sample sizes 
used will increase in the future when the teeth 
from the remaining 26 animals, that have not yet 
been aged, have been prepared and analysed. 
Conclusion
The results indicated that the Indo-Pacific 
bottlenose dolphins off Zanzibar have similar 
life history characteristics to that of bottlenose 
dolphins from other geographical areas. This 
indicates that, similar to cetaceans in general, the 
annual population growth is limited and likely 
less than 4%. Sexual maturity developed in 
females older then 6 years of age and at a body 
length of about 200cm. Males exhibited 
testicular activity when they reached an age of 13 
years and at a body length of about 202cm. Both 
females and males may live longer than 36 years, 
based on counts of growth layer groups in teeth. 
The observed maximum body length for females 
was 233cm, while for males the maximum 
length was 238cm. 
Male Sexual Maturity
Both combined testes weight and seminiferous 
tubule diameter increased as testes matured. An 
increase in seminiferous tubule diameter was 
observed from a combined testes weight of 80g 
when testes were classified as mature (Table 12b). 
The combined testis weight remained low up to 
approximately 100g, age 13 and body length 
202cm, and increased sharply thereafter. Based on 
testis development, individuals with a combined 
testis weight greater than 80g were considered 
sexually mature. All specimens with a body length 
of 193cm or shorter were considered immature 
whereas all with a body length of 202cm or greater 
were considered mature. Based on microscopic 
examinations of histological slides, 21 testes were 
identified as immature and 11 testes as mature 
(Table 12b). The youngest sexually mature male 
observed was 13 years old and 202cm long while 
the oldest immature male was 6 years of age and 
193cm in length. The results indicate that the 
onset of sexual maturity of male Indo-Pacific 
bottlenose dolphins occurs between 6 and 13 
years old and body lengths between 193 and 
202cm (Table 12b). The result further suggest 
that males of body lengths 117 to 193cm were 
immature, those with body lengths between 202 
to 205cm were pubertal and that males with body 
lengths of 213cm or greater were mature.  
The age and body length estimates for sexual 
maturity for both male and female Indo-Pacific 
bottlenose dolphins off Zanzibar were in the 
range of those reported for bottlenose dolphins 
in other geographical areas (Perrin and Reilly, 
1984; Cockcroft and Ross, 1990a; Mead and 
Potter, 1990). For example, Perrin and Reilly 
(1984) reported that the first ovulation occurs at 
5-7 years and Mead and Potter (1990) reported 
that males become sexually mature at 10-15 
years, which both corresponds well with our 
findings. Furthermore, the length at birth 
estimates in our sample were also comparable 
with the mean length (103cm) of captive born or 
stranded neonates as well as those derived by 
using von Bertalanffy growth curves (103.4cm 
for males and 102.3cm for female) for bottlenose 
dolphins from the East coast of Southern Africa 
calculated by Cockcroft and Ross (1990a). In our 
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3.4 Using a GIS-application to investigate the distribution and habitat 
utilisation of dolphins off the South coast of Zanzibar 
by E. Stensland & P. Berggren
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Introduction, material and methods
In order to investigate patterns in the 
distribution and habitat utilisation of dolphins 
we analysed information collected during 
surveys in the study area off the south coast of 
Zanzibar during 2000-2002, as previously 
described in section 3.1.1. During these years 
information on boat position and water depth 
was logged every 30sec. with a GPS/echo 
sounder (Garmin GPSMAP 185 Sounder) 
connected to a laptop computer using custom-
developed logging software (for further 
information contact: info@pihldata.com). The 
total logged distance surveyed during this period 
was 4037km (excluding distances while 
observing encountered dolphins).
Study area and patterns of distribution 
The size of the study area off the south coast of 
Zanzibar (Fig. 1.) was calculated using the 
Thematic Images and Spatial Statistics (TISS) 
software package (version TISS, 02-05-17) 
developed by A. Bignert at the Swedish Museum 
of Natural History. TISS presents spatial 
information on maps where patterns of 
distributions can be investigated and described 
by different statistical parameters. The points on 
the resulting maps may be transformed to 
surfaces using several approaches such as 
placing the points into a matrix or grid where 
they can be generalized to a layer through 
interpolation. The size of the study area was 
calculated from the survey data, excluding the 
time and positions when the boat approached 
dolphin groups. A grid with a cell size of 100 x 
100m was laid over the entire area and for every 
grid cell calculated time spent searching for 
dolphins in each cell. The study area was then 
defined as the smoothed polygon enclosing all 
neighbouring cells that were visited for at least 1 
minute during the study period. The size of the 
2
calculated study area was 26km . The TISS 
software package was also used to investigate 
distribution patterns. A total of 184 Indo-Pacific 
bottlenose and 53 humpback dolphin group 
sightings were available for analyses. Given that 
tourist boats may affect the dolphin distribution, 
we excluded sightings of dolphin groups with 
tourist boats when investigating patterns in 
dolphin distribution. This left 128 bottlenose 
and 50 humpback group sightings for analyses. 
Maps of dolphin distribution were constructed in 
a similar way as when calculating the size of study 
area. For every 100 x 100m grid cell a dolphin 
group density value was calculated by drawing a 
circle with a 150m diameter around the centre of 
each cell and counting the number of dolphin 
group sightings inside the circle. The given value 
was then applied to the grid cell in question. This 
approach gives smoothed density maps of 
observed dolphin groups. Density values were 
then adjusted for survey effort to account for 
uneven search effort in the study area using the 
following equation: 
Where ^y  equals the weighted (adjusted) value of 
density in each specific grid cell, y  is the observed 
i
density in the cell, x  is the mean value of time 
m
spent in each grid cell, x  is the observed time spent 
i
in the specific cell and b is the slope of the 
regression line (the number of sightings to survey 
2
effort). The regression was highly significant (r  = 
0.432, F=714.8, df=940, P<0.001). The adjustment 
was carried out with the same smoothing as 
described in the density maps above. 
Distribution maps of the adjusted bottlenose and 
humpback dolphin group sighting densities were 
created. The maps show areas with densities of 1-
24 and 25 or more dolphin group sightings per 
2
km . The adjusted density of tourist boat 
sightings (i.e. dolphin groups with tourist boats 
present) was plotted in the same way as the 
dolphin group distributions. We then calculated 
the spatial overlap (percentage) between 
distributions of bottlenose and humpback 
dolphin groups, and between the tourist boats 
and the two species of dolphins, respectively. 
The distribution of bottlenose and humpback 
dolphin sighting locations relative to depth and 
distance to shore were further investigated. A non-
parametric Mann-Whitney U-test was used to test 
for differences in depth and distance to shore 
between bottlenose and humpback dolphin 
group locations. Statistical tests were performed 
in Statistica (StatSoft 1999) and the significance 
level for tests was set at p = 0.05. 
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Figure 6. Density distribution maps (adjusted for effort) for (a) Indo-Pacific bottlenose dolphin groups, (b) Indo-Pacific 
2
humpback dolphin groups, and (c) tourist boats in the 26 km  study area off the south coast of Zanzibar, East Africa. For 
2
(a) and (b), the lighter-shaded grey areas represent 1-24 dolphin group sightings per km  throughout the study and the 
2
darker grey ≥ 25 dolphin group sightings per km , respectively. For (c), the lighter and darker grey areas represent 1-24 
2
and ≥ 25 dolphin group sightings per km , respectively. The small black dots indicate sighting locations of dolphin groups 
in (a) and (b), and dolphin groups with tourist boats (c).
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Analyses of spatial densities, corrected for survey 
effort, showed that bottlenose dolphin groups 
2
utilized 8% (1.7km ) and humpback dolphins 
2 2
about 2% (0.5km ) of the 26km  study area, at the 
high spatial density level (≥ 25 dolphin group 
2
sightings per km ) (Fig. 6a, b). Including also a 
low spatial density level (1-24 dolphin groups 
2
sighting per km  the bottlenose dolphins used 
2
11.5% (3.0km ) and humpback dolphins about 
2
6% (1. km ) of the study area (Fig. 6a, b). 
Bottlenose dolphin groups were found 
significantly further from shore (Mann-Whitney 
U=2112, bottlenose n=186 and humpback n=56, 
P<0.0001) and over greater depths (Mann-
Whitney U=2837, bottlenose n=169 and 
Behaviour
To investigate the significance of areas with high 
group density (≥ 25 dolphin group sightings per 
2
km ) behavioural activity budgets (the 
proportion of groups that were travelling, resting, 
foraging or socializing) were calculated for both 
dolphin species. The predominant behaviour of 
the groups (groups with tourist boats present 
excluded) was used for this analysis. For each 
dolphin species we tested if the proportion of 
behavioural activities were different between 
high group density areas and the remaining 
study area in a contingency table analysis (Siegel 
& Castellan 1988). The standardized residuals 
were examined to reveal differences (Siegel & 
Castellan 1988).
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Results and discussion
Study area and patterns of dolphin distribution 
2
The calculated 26km  study area and its location 
is shown in Figure 1. Without more detailed 
information on individual animals' ranging 
patterns it is unclear how the study area relates to 
the animals' home ranges. Of the total 173 
dolphin groups used in the population size 
estimates, only four were encountered outside the 
study area. However, the animals in these groups 
had previously been identified within the study 
area. This indicates that the estimates for the two 
dolphin populations relate to the calculated 
study area and further that the study area 
underestimates the home range of some 
individuals in the populations.
humpback n=56, P<0.001) than humpback 
dolphin groups. The bottlenose dolphins were 
encountered throughout the study area (median 
depth 14m, min-max: 4-52m, median distance 
from shore 1120m, min-max: 490-3300m) 
whereas the distribution of the humpback 
dolphin groups was restricted to a median 
distance of 830m (min-max: 200-1550m) from 
the shore line and a median water depth of 11m 
(min-max: 2-26m). This distribution of 
humpback dolphins is similar to that described in 
other areas such as Algoa Bay, South Africa, 
where the humpback dolphins seldom venture 
further than 500m from shore (Karczmarski et al. 
2000). The two species' distributions had a 35% 
overlap (at the low spatial density level). 
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Figure 7. Behavioural activity budgets for a) bottlenose dolphin groups and b) humpback dolphin groups based on the proportion of 
sighted dolphin groups engaged in respective behavioural activity (travel, rest, forage and social) in the high density areas (25 groups 
2
per km ) compared to the rest of the study area. Significant differences are indicated with   .
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The dolphin tourism activities were concentrated 
2 2
in a 1.9km  area, of these 1.2km  constituted a 
high spatial density level (≥ 25 dolphin group 
2
sightings with tourism per km ) (Fig. 6c). The 
tourism activities overlapped with the areas used 
by bottlenose and humpback dolphins by 44% 
and 27% respectively. Tourist boats focused their 
activities in the high density areas where dolphins 
primarily forage and socialize (Fig. 6a, 7a.). Due 
to this spatial overlap the dolphins may be subject 
to disturbance that can have negative effects on 
both individual and population level. Interrupted 
foraging may compromise individual survival 
whereas interrupted sexual activities and nursing 
may lower the rate of successful matings and calf 
survival which can have a long term effect on 
populations.
Behaviour
The bottlenose dolphin groups were travelling 
less and socializing more frequently within the 
high density area than in the rest of the study area 
2
(Contingency table analysis X =9.68, df=3, 
P=0.02) (Fig. 7a). Outside the high density area 
(n=42), 40% of the groups were travelling, 38% 
resting, 17% foraging and 5% socializing. In the 
high density area (n=76) fewer dolphin groups 
were travelling and instead more groups were 
socializing (21% travelling, 30% resting, 32% 
foraging and 17% socializing) (Fig. 7a). The 
proportion of groups foraging was higher within 
the high density area although the difference was 
not significant. There was no significant 
2
difference (Contingency table analysis X =0.92, 
df=3, P=0.82) between the activity budgets for the 
humpback dolphins within (n=22) or outside the 
high density areas (n=19) (Fig. 7b). However, the 
proportion of groups resting was higher (27% 
compared to 16%) within the high-density areas, 
although this could not be shown statistically. 
Conclusion
The results show that both species actively use 
only small parts of their coastal habitat and that 
the bottlenose dolphins were socializing and 
foraging to a larger extent in particular areas. 
This indicates that these high density areas may 
be important to the population, particularly for 
breeding and foraging activities. Areas outside 
the high density areas should however not be 
regarded as insignificant since a high proportion 
of bottlenose dolphin groups rested both outside 
and within the high density areas. The 
humpback dolphins were found closer to shore 
and in shallower water than the bottlenose 
dolphins indicating spatial separation between 
the species in the study area. Information on 
habitat use and distribution is important for 
understanding the ecology of the species and for 
guiding management decisions necessary for the 
conservation of the dolphins off the south coast 
of Zanzibar. 
This work has been published in:
Stensland, E., Särnblad, A., Carlén, I., Bignert, A. and 
Berggren P. 2006. Population size, distribution and 
behavior of Indo-Pacific bottlenose (Tursiops aduncus) 
and humpback (Sousa chinensis) dolphins off the 
south coast of Zanzibar. Marine Mammal Science 22: 
667-682.
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4. SUSTAINABLE TOURISM
 4.1 Socio-economy research of the dolphin tourism
Materials and methods
Study area 
The study was carried out in Kizimkazi, which is 
located on the southwest of Unguja island 
(Zanzibar) about 40km from Zanzibar town. 
Kizimkazi encompasses two small fishing villages, 
Kizimkazi Mkunguni which is the largest and 
Kizimkazi Dimbani. The two villages are about 3 km 
apart. The 2003 census in Tanzania reported a 
population of 3,208 for both villages of Kizimkazi, in 
which Kizimkazi Mkunguni had 1848 and 
Kizimkazi Dimbani had 1360 people. Fishing, 
agriculture, firewood cutting and charcoal making 
are the major components of the economy in the 
area. The vast majority of the men in Kizimkazi are 
fishermen, carrying out some of their fishing 
activities in Menai Bay. Hence fishing is the main 
source of livelihood for most households. Majority of 
women and some men are involved in small-scale 
agriculture, with cassava, bananas, beans, paw paws, 
yams, and sugarcane as the primary crops. Also few 
women are engaged in firewood cutting, rope 
making and fishing along the intertidal area. 
Tourism is an economic activity that is extremely 
important in Kizimkazi and has been growing due to 
the natural and cultural endowments. One of the 
greatest potential influences to that growth is the 
dolphin-watching tourism. Kizimkazi receives many 
visitors to watch dolphins and some of these also visit 
other cultural attractions and traditional festival such 
as 'Mwaka koga' and 'post Eid el fitry celebrations' in 
the area and thereby provide additional amount of 
income to the villages. The dolphin watching industry 
mainly employs young people, especially fishermen, 
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4.1.1 Socio-economics and 
sustainability of dolphin tourism 
in Kizimkazi, Zanzibar
Z. Ngazy, N.S. Jiddawi & O.A. Amir 
Introduction
Watching cetaceans has become a significant 
industry world wide with consideration to social and 
economic impacts of the activity. Whale-watching 
became a commercial activity in 1955 along the 
southern California coast (Hoyt, 1992) and since the 
introduction of the International Whaling 
Commission's (IWC) moratorium on whaling in 
1986, has become perhaps the most economically 
viable and sustainable use of cetaceans. Many 
former whalers and fisherman around the world 
have turned to using the resources by taking tourists 
to see the cetaceans which they would have 
otherwise killed (Hoyt 1992). The industry has 
continued to grow rapidly through the 1990's, tourist 
numbers and destinations has been increasing along 
with value (Woods-Ballard et al., 2003). The terms 
whale watching and dolphin watching are used 
synonymously in this report in a sense that they both 
relate to watching cetaceans in there natural habitat. 
IWC define whale watching as 'any commercial 
enterprise which provides for the public to see 
cetaceans in their natural habitat' (IWC, 1994). 
The first commercial dolphin watching operation 
began in Kizimkazi in 1992 when fishermen 
started to bring out tourists to see dolphins. The 
activity was limited with only one operator with 
few boats operating on a daytime basis (Amir and 
Jiddawi, 2001). Currently the dolphin tourism 
makes a significant contribution to Kizimkazi 
villagers, and is poised to become even more 
significant both economically and socially (Amir 
and Jiddawi, 2001). There is, however, no detailed 
historical and economic information regarding 
the state of the dolphin-watching industry in 
Kizimkazi, which would be useful in quantifying 
the economic benefits from the activities. 
The aim of this study was to collect information 
and use this to assess the socio-economic 
sustainability of dolphin watching in Kizimkazi. 
Further, to identify existing problems and to 
propose constructive changes to respective 
government institutions that would help boat 
operators, visitor-center managers, and the local 
residents in running the activity sustainably.  
Indo-Pacific bottlenose dolphin leaping by dolphin tourist 
boat. (© Per Berggren)
collated and discussed to give an outline of the 
present situation in Kizimkazi. The questions for 
dolphin watchers and locals focused on their 
profiles, perceptions and attitudes towards 
dolphin watching. Researchers joined several 
dolphin trips for observation purposes to assess 
overall trip performance and to get a complete 
picture of the dolphin tourism in Kizimkazi. Key 
informant interviews were conducted with the 
Commission for Tourism, Chief Government 
Statistician, Programme Officer Menai Bay, 
Ministry of Employment, Youth Development, 
Women and Children, and TRA/Revenue 
Board) to gather additional information that 
could help the analysis
Results and discussion
Boat operator profile
Number of boat operators 
The study has revealed that there are about 50 
boats that take tourists out on dolphin tours in the 
area. Twenty-three boats operate from Kizimkazi 
Dimbani and 27 boats from Kizimkazi Mkunguni. 
However, ownership of the boats indicated that 
only one boat operator had his own boat. Others 
operated with boats owned by private people or by 
restaurants Kizidi Restaurant, Kizimkazi Diving 
Center, Dolphin View Village and Pagoda Chinese 
Hotel. The duration that boat operators had been 
in practice ranged from 2 to 11 years. The majority 
started about 11 years ago, although more 
operators have joined the activity lately due to 
market forces and the number of boat operators 
has been increasing gradually from 33 in year 2003 
to 50 boat operators in year 2005. The fact that the 
dolphin tourism operations has been increasing 
who involve themselves in the tourist industry during 
high season. The magnitude of the contribution of 
the activity to the economy of Kizimkazi however, is 
not yet known. This is because no specific data is 
available on the actual number of people who have 
permanently participated in dolphin watching 
activities in Kizimkazi. In 2003 it has been estimated 
that some 6735 people were involved in dolphin 
watching in Kizimkazi (Menai Bay Conservation 
Area, unpublished data). An important issue to look 
at with regard to tourism in Kizimkazi (and 
Zanzibar as a whole) is the seasonality of visitation 
where the peak periods are June to August and 
December to February. 
Data collection
Four sets of interviews were undertaken to a total 
of 50 boat operators, 6 restaurant managers and 
270 tourists regarding dolphin watching trips 
during the tourist seasons of 2003, 2004 and 
2005.  In addition, 55 local residents and three 
snorkeling gear stall owners were interviewed to 
perceive the importance of the industry to the 
local community and tourism in general. The 
local residents, boat operators and visitor-centre 
(restaurants) managers were interviewed using 
questionnaires (see Appendix 3) that were filled-
out during face-to-face interviews. The dolphin 
watching tour is t s  were  e i ther  g iven 
questionnaires for self-completion or were 
interviewed face to face by the researchers when 
they came back from the dolphin trips.  Visitor 
centers that receive tourists for dolphin watching 
day trips were identified and the managers were 
approached to assist with the distribution of the 
tour is t  ques t ionnaires .  The f i l led- in 
questionnaires were collected at a later date when 
researchers went back to the village for field work. 
The data from boat operators and hoteliers was 
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Figure 8. Education levels of the boat operators.
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Data for the socio economic research of the dolphin 
tourism in Kizimkazi was collected using a 
questionnaire and face-to face interviews. 
(© Pandu Abdalla)
since its beginning indicates that the industry is still 
marketable and new consumers are still entering 
the market despite the criticisms on its dependency 
on sighting whales and dolphins on every trip. 
Visitors often pay considerable sums of money to 
see the cetaceans and have high expectations. 
Therefore to avoid disappointments of not sighting 
dolphins, boat operators must be able to ensure that 
passengers understand the unpredictability of 
cetacean distribution. They should promote the 
notion that although cetaceans may not have been 
seen, sightings of other marine species made the 
trip worthwhile.
Age distribution and education level
The age of boat operators from both villages of 
Kizimkazi ranged between 22 and 43 years old, 
with the majority between 26 and 30 years old. 
This indicates that most of them are young people 
quite capable of getting familiar with the dolphin 
watching industry as well as coping with 
sensitization activities aimed at achieving 
sustainability of the industry. Considering that 
dolphin-watching trips are excellent platforms of 
education although 82% percent of the boat 
operators seem not so sure of that. But they 
believed that the dolphin trips influence and raise 
awareness of passengers to environmental issues. 
These trips often provide opportunities for all ages 
and backgrounds to learn more about cetacean 
species and the marine environment, and also raise 
environmental awareness locally, nationally, 
regionally, and internationally. 
Education is an important component for 
understanding and learning marketing 
procedures for dolphin watching activities. The 
fact that all boat operators have got an education 
below advanced secondary school (Figure 8) 
means that education programmes that teach 
dolphin biology, ecology, local history and culture 
are important. In this way, dolphin tour operators 
can provide a well-rounded and enjoyable 
experience for tourists whose success do not hinge 
on dolphins sightings alone, and would ultimately 
provide a more sustainable tourism product.
Residence of boat operators and their source of 
income
A large percentage of the boat operators can be 
classified as locals, since they were either born in 
Kizimkazi Dimbani (48.5%) or Kizimkazi 
Mkunguni (33.3%) or had lived there for more than 
10 years (18.2%) figure 9.
Economic activities in the study area can be 
grouped into primary and secondary activities, all 
except one of the respondents stated that dolphin 
watching tours were not their only source of income 
and that they have other activities to supplement 
their income. The majority of respondents (78.8%) 
conduct fishing as their primary source of income 
since the dolphin tourism is seasonal. Others were 
fishing and farming (9.2%), fishing and small 
business and carpentry (6%), carpentry only (3%) 
and some didn't have any alternative activity (3%). 
The development of dolphin-watching activities in 
Kizimkazi is one example of an activity that has 
been successful in raising awareness of 
conservation issues as well as bringing much 
needed income to the community. However, our 
analysis suggest that a large portion of the total 
money generated by the dolphin tours is profiting 
tour companies and/or tourist guides outside the 
village with only a small portion remaining in the 
village. For example, of a total US$ 160 paid by 8 
tourists (US$ 20 per person) to a tour company less 
than US$ 30, which is a minimum fare for a tourist 
boat set by the government, was paid for the 
dolphin-watching trip and the remaining sum of 
US$ 130 or more went back to town. Further, of the 
US$ 30 paid as boat fare less than 40% of remains 
in the village as payment for boat captain and crew, 
and restaurant. The remaining percentage which 
does not benefit the community, covering expenses 
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Figure 9. Indicating how long boat operators have lived in 
the area where they work.
US$ %
Boat captain and its crew 4 13.3
Fuel cost 8 26.7
Commission of Tourism 2 6.7
Zanzibar Board of Revenue 3 10
Boat and engine maintenance 7 23.3
Restaurant 6 20
Total 30 100
Table 14. Distribution of money paid as boat fare to 
watch dolphins in the year 2005.
for duty to Commission of Tourism especially and 
Zanzibar Board of Revenue, cost of fuel and 
maintenance cost for boat and engine as indicated 
(Table 14 ).
Increased competition and lack of regulation to 
govern dolphin-watching activities has led to a 
reduction of the minimum price of US$ 30 set 
by the government. This also decreases 
available money for community development 
programmes and conservation efforts. To 
bridge this gap, the Menai Bay Conservation 
Area project introduced entrance fee of US$ 5 
per tourist who want to go to Menai Bay for any 
activities. However, following the request from 
tour operators to the Department of Fisheries 
and Marine Resources, the amount was 
reduced to US$ 3. The new entrance fee started 
to be in operation on 1st June 2004 and 
collection is going well. Thirty percent of the 
collected revenue is provided to 19 villages 
around Menai Bay as a contribution for 
community development projects such as 
water, school equipments, other social services 
etc. The money is donated through fishermen 
since they are regarded as the main stakeholder 
in the Menai Bay. 
Lectures, commentary and interpretive materials
All operators responded that they don't lecture the 
visitors about what they can or cannot do during 
the dolphin trip nor do they provide any 
information/educational materials or onboard 
displays for passenger use. None of the boats have 
special dolphin guides onboard, although skippers 
who have long experience in these activities 
sometimes act as guides. However, some of them 
explained that commentary was provided only 
when visitors ask questions. It was observed that 
provision of lectures on board was limited due to 
the fact that education levels of all boat operators 
are relatively low and they had not received 
training on that activity. The research found that 
all boats are operated by two people, a skipper and 
its crew who act as an assistant as well as helping 
in boat handling and lookout. The type of 
operations ranged from trips focusing on the key 
activity, such as dolphin watching to more general 
marine tours which include snorkeling, diving, 
visit sandbanks near the islets and fishing. 
Capacity for passengers ranged from 5 to 25 
people per boat. The duration of these trips lasts 
from two to eight hours depending on trip distance 
and activities undertaken. Boat operators usually 
get tourist/passengers either from restaurants or 
tourist guides. Most of the tourists came from 
Cabs restaurant followed by Kizidi restaurant and 
small number are from tourist guides. 
Codes of conduct
Eighty-one percent of boat operators stated that 
they were aware of the codes of conduct (the 
guidelines for dolphin tourism) provided by the 
Marine Mammal Eduction and Researcg Group at 
IMS in collaboration with the Department. 
However, only 60% of them follow the codes of 
conduct during dolphin watching. They further 
admitted that they do not follow the codes all the 
time because when there are many boats on the 
same group of dolphins, some boat operators ignore 
the codes. This was mostly observed when some 
tourist guides and tourists shout and force the 
operators to hurry before other boats could reach 
the animals. This may be threatening to the animals 
and highlights the need for patrolling and 
monitoring potentially threatening boat behaviours 
around dolphins.
Problems of providing interpretation
The practical problems which the boat operators 
face day to day with providing environmental 
education to visitors was poor understanding of 
foreign languages (English, Italian, German, 
Spanish etc), lack of communication skills and 
lack of knowledge in biology and ecology of the 
species that are observed in the area. Hence most 
of them are unable to express themselves and 
provide accurate background information on the 
ecosystem to their customers. When asked if the 
provision of educational training course would 
help them alleviate some of these problems all 
agreed and mentioned that they would be willing 
to participate for such a course when provided.
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Swimmers violating dolphin tourism guidelines by 
chasing an Indo-Pacific bottlenose dolphin off 
Kizimkazi. (© Per Berggren)
Number of cetacean species seen
The number of cetacean species seen by different 
boat operators during dolphin watching 
operations ranged from 2 to 5. About 60% 
mentioned 3 species while 6% mentioned 5 
species. The species mentioned were Indo-Pacific 
bottlenose dolphins (Tursiops aduncus), Indo-
Pacific humpback dolphins (Sousa chinensis), 
spinner dolphins (Stenella longirostris), Risso's 
dolphins (Grampus griseus) and humpback 
whales (Megaptera novaeangliae). The image of 
Kizimkazi as a whale and dolphin watching 
location increases as the awareness of whales and 
dolphins in Zanzibar is increasing. Dolphin-
watching operations and the undergoing studies 
of marine mammals in Menai Bay by Marine 
Mammal Education and Research Group, all 
contribute to raising the profile of marine 
mammals in this area. These aspects have also 
contributed to raise awareness of cetaceans and 
issues pertaining to conservation of these species 
in the Kizimkazi waters and other areas of 
Zanzibar. This research suggests that the 
majority of people (59%) taking dolphin-
watching trips were first time dolphin watchers 
and, therefore, were desperately looking forward 
to getting their first sight of dolphins in the wild. 
However, the uncertainty of dolphin sightings at 
the site does sometimes seem to be a problem for 
the dolphin watching industry. If this industry is 
to remain healthy it is important that levels of 
expectation of passengers are met and not raised 
beyond realistic levels. It is therefore necessary for 
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dolphin-watching operators to develop the skill of 
ensuring that passengers are not disappointed 
when  not finding dolphins. Factors such as trip 
comfort, learning opportunities, environment and 
scenery are added values to the dolphin watching 
trips. 
Dolphin watching Tourist Profile
Gender, age and nationality 
Analysis of age and gender distribution showed 
that the majority of the dolphin watchers were 
between the ages of 20 and 50 and male visitors 
dominated (60%).
The majority of visitors were Europeans 
predominately British, Italian and Dutch (See 
Table 15). There was also significant 
representation from Scandinavians, North 
Nationality Dolphin watchers (%)
British 18.4
Italians 15.2
Netherlands 12.2 
Scandinavians 9.1
North Americans 8.6
Spanish 7.9
Belgians 6.1
Germans 3.5
Other Europeans 12.1
Africans 5.1
Australians 2.0
Asians 0.4
Table 15. The distribution of nationalities of 
dolphin watchers.
Socio-economic
Category Social status Examples of professions
A Upper Middle Class Accountant, Lawyer, Editor, Doctor, Professor, Senior, Civil Servant, 
Bank Manager, Board Director, Pilot, Farmer with 10+ employees.
B Middle Class Teacher, Civil servant, Journalist, Pharmacist, Area Sales Manager, newly qualified
professional, self employed with 5-24 employees.
C1 Lower Middle Class Nurse, Bank clerk, Secretary, Receptionist, Salesman, Foreman, Police Sergeant, 
Self-employed with Small Business.
C2 Skilled Working Class Farm worker, Bricklayer, Plumber, Painter, Bus Driver, Shop Assistant, Police Constable.
D Semi-/un-skilled Gardner, Fisherman, Milkman, Miner, Cleaner, traffic working class, Warden, Taxi Driver.
E Subsistence level Part-time Clerical workers, Casual labourers, Unemployed, Pensioner.
Table 16. Definitions of socio-economic categories.
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Americans, Spanish and Belgians. Majority of 
the dolphin-watching visitors were English-
speaking. This would indicate that Kizimkazi 
visitors are predominately Europeans and tend 
to be those who feel confident in English. It may 
also be argued that only those who are confident 
in English would respond to the questionnaire.
Holiday Profile
The majority of dolphin watch tourists at Kizimkazi 
who responded to the survey were staying in hotels: 
on the East coast (35.4%), North coast (31.1%), 
Zanzibar town (27.6%), Kizimkazi (3.1%) and cruise 
liner M. V. Royal star (2.8). They were of different 
socio-economic status, which is in this survey 
defined as a profession that earns an individual 
tourist an income and social status (Table 16). A 
comparison of socio-economic status categories of 
dolphin-watchers showed that most were middle 
class (categories A, B and C1, 66.3%). It was further 
established that 87% of the respondents were first 
time visitors to Zanzibar. In response to the question 
why tourists choose to come to Kizimkazi, 61.5% 
answered that they wanted to watch dolphins, 5.9% 
were attracted by Kizimkazi beach and 9.4% 
mentioned the beautiful scenery. 
Out of 270 dolphin-watchers surveyed, 58% were 
on their first dolphin-watching trip. Of the 42% who 
had been dolphin watching before, more than half 
had experienced the activity several times before. 
Most had visited dolphin watching sites in America, 
South Africa and Australia. 
General environmental awareness
As a means of gauging the 'environmental 
awareness' of marine wildlife tourists respondents 
were asked if they were members of an 
environmental organisation. Answers to the 
question suggested that only (31.5%) of the tourists 
surveyed were members of one or more 
environmental organizations of which the World 
Wide Fund for Nature (WWF) was the most 
common (40%), followed by Greenpeace (31.25%). 
Further, 29% percent of the respondents were 
members of the local nature conservation charities.
Visitor's awareness of dolphin watching opportunities
Respondents were asked where they got information 
about dolphin watching in Kizimkazi. Most respondents 
(27.5%) initially heard about the dolphin boat trips 
through hotels. However, travel agents (14.5%), 
guidebooks (12.4%) and tour operator (12.5%) also 
contributed in providing information on dolphin 
watching trips. The dolphin tours paid for by the tourists 
included guided transport, to and from Kizimkazi, the 
boat trip to the dolphin area, facilities for snorkeling 
equipment and lunch. Tourists often came through tour 
operators, as a hotel packages or independent tourist 
guides (beach boys).
Awareness of the impacts of dolphin watching 
activities upon dolphins
Almost half (46%) of the respondents thought that dolphin-
watching activities could have an effect on dolphins, while 
(41%) thought dolphin-watching had no effect on 
cetaceans with few (13%) saying they have no idea. 
Value for money and willingness to pay
Seventy-nine percent of the respondents considered 
their trips to be good value for money. The average cost 
for the tourist from the hotel to visit Kizimkazi for the 
dolphin tour was US$ 55 per person, ranging between 
US$ 10 - 75. 
A hypothetical question on the maximum amount that 
the tourist would be willing to pay to ensure sustainable 
dolphin watching revealed that about 78% of the visitors 
were willing to spend more than what they were 
currently paying. The data on willingness to pay user 
fees demonstrates that there is a considerable consumer 
surplus (i.e. the visitors are willing to pay more than they 
are currently asked). It is belived that, by using a proper 
method, Menai Bay Conservation Area can increase 
revenue by charging or increasing fees without deterring 
visitors. The average willingness to pay amount by a 
single tourist from the Hotel in town  was US$ 31.
Quality of dolphin trips
Respondents were asked to assess the quality of the 
tours by rating various components of the trip (overall 
comforts, learning about the scenery, learning about 
dolphins, seeing dolphins, photograph opportunities, 
Table 17. Distribution of Rating Quality of Boat Trip (where 1 = poor, 5 = excellent).
Feature 1 2 3 4 5 Average Rank
Trip comfort 26 104 246 280 120 3.1 4
Learning environmental scenery 65 118 141 208 155 2.7 6
Learning about dolphins 80 128 150 160 100 2.4 8
Seeing dolphins 23 28 117 376 395 3.7 1
Photograph opportunities 40 68 228 288 160 3.1 4
Safety 34 98 210 296 135 3.0 5
Education 74 102 186 172 120 2.6 7
Quality of operator 24 74 192 356 200 3.3 2
Time taken for dolphin trip 20 120 192 304 170 3.2 3
safety, education, quality of operators, trip time). 
Overall, trips were rated as good (3 out of 5) (Table 
17). Respondents ranked the dolphin viewing 
opportunities highest (3.7) while learning about 
dolphins commanded the lowest (2.4). Eighty-four 
percent of respondents stated that they would 
recommend the trip to a friend, reflecting an 
exceedingly high satisfaction level for all trips.
Respondents were asked to rate the importance of 
six aspects of dolphin watching trip. Close 
observation of dolphins while on boat was rated 
as the most important feature followed by 
swimming with dolphins. Seeing other marine 
creatures was rated as relatively unimportant in 
comparison to seeing dolphins (Table 18).
Respondents  were  asked to  prov ide 
recommendations on how to improve the 
dolphin tourism industry. Several options were 
provided (Table 19) of which some were 
implemented immediately like putting a shade 
on top of the boat to reduce the heat from the sun 
and provision of guidelines on dolphin watching. 
Others are under consideration
Local villagers profile
Local opinion
Local residents were asked why they thought 
tourists came to the area to which 54% of 
respondents thought that visitors came for the 
dolphins only. It is clear from this survey that 
local residents recognize the importance of 
dolphins in attracting visitors to their locality. All 
of the surveyed local residents and dolphin 
watching operators wanted to see more visitors in 
the area. This suggests recognition across the 
community (including those not working in 
tourism) that tourism is an important 
contribution to the local economy. 
The importance of tourism in relation to other 
industries
Perception of the local community on economic 
activities in the two villages indicates that they do 
not rely on only one activity for their income. A 
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Table18. Rating distribution of features of dolphin watching trip (where 1 = not at all important, 5 = extremely important).
Feature 1 2 3 4 Average Rank
Swimming with dolphins 36 86 225 400 2.94 2
Close observation (remain on boat) 17 58 309 420 3.17 1
Taking photographs 31 140 241 288 2.76 4
Seeing examples of dolphin behaviour 27 116 267 320 2.87 3
Seeing whales 35 150 285 196 2.62 5
Seeing other marine creatures 40 148 273 196 2.59 6
Recommendations provided by tourists
• Limit number of boats going to watch dolphins at the same time
• There should be information boards/brochures
• Teach the operators and boat captains how to approach the 
dolphins
• Allow dolphins to rest during some days- i.e. no boats should be 
allowed
• More education and information on dolphins among the boat 
operators
• Use less noisy engines e.g. solar powered operated boats or sails
• There should be some sort of shade on the boat
• Introduce glass bottomed boats. 
• Regulations are required on the dolphin tourism activity to 
control the number of boats and how close they can go to the 
dolphins
• Establish as small dolphin museum or a resource centre
• The dolphin guides and boat boys should wear a uniform or a  
badge 
• Let us feed them
• There should be safety rules on board and life jackets should be 
compulsory
• A jetty should be built to avoiding sea urchins especially during 
low spring tides
• Better snorkels should be offered , or disposable ones
• Seasick tablets if sea is rough should be available 
• There should be towels on board, and  pillows for sitting
• More observation should be allowed than jumping and 
swimming with them
• Give dolphins a holiday from tourists
Table 19. A summary of recommendations provided 
by tourist to make the dolphin trip much better 
greater proportion considered fishing to be the 
main economic activity followed by tourism, 
farming, firewood cutting and charcoal making. 
Ranking of the importance of dolphin watching 
with other economic activities in terms of job 
opportunities and income generation in 
Kizimkazi suggest that 54.4% of respondent rank 
dolphin watching in position 2 in terms of job 
opportunities while 45.6% indicated that dolphin 
watching is in position one for generating 
income to the village 
Local residents were asked to relate how the 
employment situation, local economic situation 
and social life situation were before and after the 
establishment of dolphin watching activities in 
Kizimkazi. The result reveals that the situation was 
considered better after the establishment of 
dolphin watching industry as indicated in table 20.
Employment provided by dolphin watching in 
Kizimkazi
More than 165 jobs were involved in dolphin-
related tourism. Employment was seasonal and 
employees originated from both the local 
community (often family members) and outside 
the area. Eighty-seven jobs were involved with work 
on the tour boats, as skipper and crew. The 
approximate total number of employees in 
restaurants was 73. Nine were non-resident and 64 
were employees from the local community. 
Further, six local people were operating small stalls 
for snorkeling and diving gear hire. Employment 
on gender basis is as shown in Table 21.
The value of dolphin watching to the economy of 
Kizimkazi
All visits to dolphin watching area from 
Kizimkazi are day-trip operations. The 
minimum number of tourists visiting Kizimkazi 
for dolphin watching trips was obtained from the 
Menai Bay Conservation Area. The number was 
estimated from the entrance fees collected in the 
year 2003. A total of 6735 tourists were involved 
with dolphin-watching activities this year. This 
represents 10% of the total number of tourists 
visiting Zanzibar in year 2003. The average price 
for dolphin watching tour was estimated to US$ 
20 per person. As a result, an overall estimate of 
US$ 134,700 direct annual expenditure in 
dolphin watching activities was calculated. This 
calculation only takes into account the first 
expenditure by the tourists i.e. paying for the boat 
trip. It does not incorporate the spending on other 
businesses supported by dolphin tourists (for 
example, transport to Kizimkazi, snorkeling 
equipment, accommodation, lunch, etc). 
Consequently, the calculation of direct annual 
expenditure in dolphin watching activities of 
US$ 134,700 is an underestimate of the total 
economic benefit of dolphin watching to 
Kizimkazi community in 2003. 
Conclusion
It is estimated that the tourism industry 
contributed about 20% of the Zanzibar GDP in 
2003 (Pers. Com. Statistics, 2003). Boat trips to 
see marine mammals in general are an integral 
part to most tourists' motivation for visiting 
Kizimkazi. The presence of dolphins as a tourism 
resource and an increase in dolphin-watching 
promotion by tour operators together with the 
increase in facilities such as the number of boats, 
restaurants and lodges indicate that an increase 
in the number of tourists in Kizimkazi as well as 
increase in the number of dolphin-watching trips 
is likely in the future. However, looking at the 
results in section 4.2, which show behavioural 
changes of the dolphins in the area in response to 
the tourism activities, it is unlikely that any 
expansion of the dolphin tourism in the area can 
be sustainable. Instead of increasing the number 
of tourists and boat trips, a better approach to 
generate more income would be to have fewer 
tourists that pay more money for the experience. 
This could result in a sustainable strategy for 
both the dolphin populations and the local 
communities. However, efforts are needed to 
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Table 20. Local opinion on the employment, local economic and social life situation of the village.
Employment situation Local economic situation Social life situation
Before After Before After Before After
V. Poor 2.8
Poor 28.6 80.0 17.1
Good 68.6 20.0 2.8 80.0
V. Good 100 77.1 2.9 34.3
Excellent 17.1 65.7
Company name Males Females Total
Kizidi restaurant 14 6 20
CABS restaurant 26 4 30
Dolphin Shadow restaurant 4 2 6
Kizimkazi Beach Villa 2 3 5
Dolphin View Village 4 2 6
Jichane restaurant 3 3 6
Boat operators 70 0 70
Total 123 20 143
Table 21. Number of employees involved in dolphin-
tourism activities in Kizimkazi  
increase the share for the local communities. 
Management of dolphin-watching in Kizimkazi 
is critical to maintain the dolphins on which the 
tourism sector relies while ensuring that 
livelihoods are supported and visitor/consumers' 
satisfaction remains high.
Recommendations
A number of management recommendations are 
needed, which could improve the situation of the 
Kizimkazi dolphin-watching industry and 
ensure both economic and environmental 
sustainability into the future. These include:•
• Relevant authorities must develop the 
capacity to regulate dolphin-watching 
through licenses. Education and training 
activities should be integral parts of 
developing sustainable dolphin-watching.
• Increasing the involvement of stakeholders in 
resource management is critical to the success 
of sustainable development.
• Increase income to boat operators through 
merchandising.
• Increase community revenues for the local 
villages where dolphin-watching is 
conducted.
• In order to develop sustainable dolphin-
watching the effect of tourism activity on the 
species and habitat being exploited must be 
quantified and the impact assessed.
• Monitoring people and product satisfaction 
is also essential to develop sustainable 
dolphin-tourism.
• Long-term monitoring schemes should 
measure parameters that are sensitive enough 
to detect change at the appropriate scale and 
must also be financially sustainable.
• Promotion of industry by: increased guiding 
on tours, the production of natural history 
holiday packages, improve the level and 
diversification of advertising and develop 
land-based visitor centres. 
• Produce television shows focusing on 
Zanzibar tourism and dolphin-watching in 
particular. This is a good way of raising 
national and international awareness. 
4.1.2 Socio-economic study of the tourism 
(including dolphin tourism) at 
Ponta do Ouro
By A. Guissamulo 
Historical overview
Ponta do Ouro is located 120km south of Maputo 
City, near the boarder to South Africa and about 
600km from Johannesburg. Access roads to Ponta do 
Ouro are poor. From Maputo City there is only a dirt 
road that requires four wheel drive vehicles. From 
South Africa, the road to the border is in good 
condition and tarred, but passed the border follows a 
10km stretch which requires the use of a four wheel 
drive vehicle. The tourist operators at Ponta do Ouro 
usually offers transfers to the nearest border, saving 
tourist from damaging their vehicles.
Profile of Ponta do Ouro
Ponta do Ouro village has 1290 inhabitants, mostly 
native. The native people make a living from 
agriculture, hunting and trade at the border with 
South Africa. Most male adults travel and/or 
emigrate to South Africa to seek work. Despite the 
proximity to the sea, people do not have the 
tradition of fishing for marine resources (such as 
fish and squids). Instead, they fish in fresh water 
lakes, and limit their sea exploitation activity to 
collection of invertebrates (e.g. oysters) at the rock 
ledges. The trade with South Africans takes place 
during fairs on Wednesdays, where dried bush 
meat, dried fish, wild fruits and palm wine are 
exchanged for clothes, cereals and vegetables.
A small section of the village is urbanized and most 
houses were recovered between 1992 and 2006 
after degradation during the civil war. The village is 
supplied with electricity from the national network 
based on hydro-electric power. The telephone 
connection between Ponta do Ouro and the rest of 
the country was re-established in 1996 and a 
cellular phone network was introduced in 2002.
Tourism at Ponta do Ouro has been practiced 
since the 1950's. It has always operated at small 
scale and served mostly South Africans from 
inland cities, and to a minor proportion those 
from other coastal cities of South Africa. It also 
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The boat used for taking tourists out to swim with 
dolphins off Ponta do Ouro. (© Almeida Guissamulo)
served rich people from Maputo, who own houses 
in the village. Accommodation for tourists is very 
limited. There is one hotel that can accommodate 
150 people and a campsite that can accommodate 
a maximum of 300 people during the peak season.
Tourism activities at Ponta do Ouro are dependent 
on holidays in South Africa. Tourism occurs 
throughout the year, but peaks between December 
and February. Other peak seasons are Easter 
holidays and the school holidays in July. For the 
rest of the year tourists visit Ponta do Ouro during 
weekends, arriving on Friday afternoon and 
departing on Sunday. Between Monday and 
Thursday, the tourist activity is low and the hotels 
and campsites are empty. 
There is a commercial centre near the hotel with 
shops, six restaurants, art and curio shops, 
butchery, convenience shops and a petrol supply 
station. The restaurants are opened 6 days a week. 
There is also a small market outside of the village 
that serves mostly the local people, selling alcohol 
and soft drinks, vegetables, dried fish, and cereals. 
Near the camp site there is also a very large curio 
market to serve tourists.
The most important marine recreational activities 
are diving and fishing. However, recently there has 
been an introduction of modern recreational 
activities carried out on an impromptu basis e.g. 
canoeing, surfing, wind surfing, sport fishing, quad 
bikes and jet skis. 
Diving is the most popular and most sought after 
activity at Ponta do Ouro. Six companies offer 
hiring of equipment and boat transportation to 20 
reefs nearby. During peak season each company 
may make about 3 to 4 trips per day, each with 8 to 
15 divers. In addition to diving on the reefs, divers 
can also swim with whale sharks. Occasionally, 
some diving companies also take divers or tourists 
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to swim with dolphins, without any previous 
briefing to tourists. There is only one operator at 
Ponta do Ouro that specializes in dolphin 
tourism (Dolphin Encounters, owned and run 
by Ms Angie Gulland). The company initiated 
their activities in 1996 after a trial period in 
1994-1995. At that time the company was 
operated by two people who had no expertise 
with dolphins. However, in 1999 Ms Gulland 
attended a training course on dolphin ecology 
in Israel. Later, in contact with cetacean 
ecologists from South Africa, the Dolphin 
Encounter developed a code of conduct to 
minimize negative effects on dolphins. The 
following list is part of the code of conduct:
1. The skipper approach the dolphin group and 
assess the behaviour and group composition of 
the dolphins to decide if swimming will take 
place.
2. Swimmers are only allowed to swim with 
dolphin groups or group sub-units that do not 
have newborn calves.
3. Swimmers are deployed in the water ahead of 
the dolphin movement direction upon decision 
of the skipper.
4. Swimmers may not move toward the dolphins, 
but instead, must wait for the dolphins to 
approach.
5. Swimmers shall not touch dolphins.
6. The number of swimmers in the water is 
determined by the operator.
7. Only one boat is allowed to approach the 
dolphins at the time. If other boats are present 
they have to wait for the first boat to depart 
before approaching the dolphins.
8. Tourists must attend a lecture on the ecology of 
dolphins before they can go on a trips and 
swim with the dolphins. 
Description of the dolphin tourismat Ponto do 
Ouro
The operator takes a minimum of 8 swimmers 
per trip and search for dolphins during a regular 
route for a distance of about 10 to 20km along 
the coast, using a 12m long semi-rigid rubber 
inflatable with two 80hp engines. The trip 
usually lasts between 45 minutes and 2.5 hours, 
depending on the location where dolphins are 
encountered. Swimmers may interact with 
dolphins for 1 to 15 minutes each, depending 
on the response of the dolphins. Further 
interaction trials are prevented if dolphins do 
not co-operate. Swimmers are dropped in the 
water ahead of the dolphins' general direction 
Tourists returning from a dolphin tourism trip off Ponta 
do Ouro. (© Almeida Guissamulo)
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and the boat moves 100m offshore, to wait for 
tourists. The boat return and pick-up the 
swimmers once the dolphins have left the area. 
Each swimmer pays 160 rands (equivalent to US$ 
26) for a dolphin trip. This is similar to the cost paid 
for a diving session. Therefore, having a minimum 
of 8 people on the boat and about 3 trips per day 
the total income is about US$ 624 per day minus 
expenses. The operation is carried out for about 3 
days a week, for 8 months. About 1300 people swim 
with the dolphins each year. The total income for 
the activity is about US$ 35 000 per year. The cost 
of the swim with the dolphin operation includes: 
salaries for skipper, one assistant and the owner, 
boat maintenance, service of engines, fuel and 
lubricants. The details of these costs are unknown. 
However, each trip spends a minimum of 80 liters 
of petrol and 2 liters of lubricants which correspond 
to US$ 100 per trip.
The dolphin tourism operation employs four 
people: those involved with swimming and boat 
operations. However, additional people are 
employed by the operation since the operator also 
of fers  addi t ional  serv ices  including  
accommodation (30 beds in reeds and wood 
chalets), restaurant and a curious shop. The total 
number of employees are about 17 people.
Study objectives
To investigate the socio-economic impact of the 
dolphin tourism at Ponta do Ouro (Figure 10) a 
study was carried out between September 2004 
and March 2005, with the objectives to:
1. Understand the impact of dolphin tourism 
on the local human communities.
2. Establish the types of benefits of the marine 
recreational activities on the human 
communities and investigate the perception 
of the local people to the marine recreational 
activities.
3. Evaluate the market potential of the dolphin 
tourism and the perception of swimmers' 
experience about the dolphin tourism 
operation.
Methods
This study was carried out through 
questionnaire surveys (see Appendix 4) to 50 
workers, 50 tourists and 10 tourist resort 
owners/managers of tourist resorts (including 
those offering marine recreational services). 
Workers included those employed at the marine 
recreational resorts, managers of marine 
recreational resorts and other people living at 
Ponta do Ouro. They were interviewed on issues 
such as, education, possession of skills for work 
at tourist resorts, monthly salaries, benefits 
perceived from the job, and their profession and 
origin (locality of origin where they came from). 
Tourist resort owners answered questions such 
as the type of recreational service offered, 
employment offered, how they provide skills to 
workers, origin of investment and the perceived 
impact of their activities on the environment.
Tourists were interviewed on reasons why they 
choose Ponta do Ouro, their perception of the 
marine recreational activity, city or country of 
residence and how they evaluate the cost of the 
recreational service charged.
Results
Workers
In total 50 workers were interviewed who work 
at the six dive centers, two dolphin tourism 
companies, one dive site, one camp site, two 
bakeries, five restaurants, two hotels and two 
shops. The proportions of male and female 
workers were similar at the tourist resorts (52% 
were men and 48% percent were women). Over 
half (52%) of the workers come from other 
locations around Mozambique (Matola, 
Catembe, Inhaca, Maputo City Marracuene, 
Manhiça Bilene, Inhambane, Quelimane) or 
from South Africa and only 48% were natives of 
Figure 10. The location of Ponta do Ouro in southern 
Mozambique (from Robertson et al, 1996).
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Ponta do Ouro and nearby villages of the 
Matutuine District (Belavista, Catuane, 
Salamanga and Zitundo villages). Most of the 
workers were between 20 and 40 years of age 
(see Figure 11).
The number of workers per company varied 
between 1 and 17 people and the company that 
employed most people was the dolphin tourism 
operator. Usually, each company only manage to 
contract 50% of people with skills, the second 
half of the workers lack professions and are 
trained on the job by the company.
The majority of workers at the dive and 
dolphin tourism companies have salaries 
between 500-1000 rands per month (US$ 80-
US$ 160). Assistant managers were paid 
higher salaries between 1000-1500 rands, 
(US$ 160-US$ 240). Other companies such 
shops, restaurants, markets and hotels pay 
salaries in the range of 250-1000 rands (US$ 
40- US$ 160), (see Figure 12).
Tourist operators
Seventy percent of tourist companies at Ponta 
do Ouro are South African investments and 
their services comprise diving or swim with 
dolphins and holistic therapy. Twenty percent 
of the companies are mixed investments 
(Foreign + Mozambican) and these are 
dedicated to recreational diving services. Only 
one company (10%) is a solely Mozambican 
investment and deals with accommodation 
(hotel). Most companies with foreign 
investments (60%) and all with mixed 
investment (20%) confirmed that their business 
was good and have good return of capital. 
However, the Mozambican company declared 
to have only a reasonable return of capital. The 
companies referred that diving is the most 
important activity and accounts for the largest 
business activity at Ponta do Ouro. The dolphin 
based tourism (DB tourism) has similar income 
to diving, but since there is only one operator it 
accounts only for a small proportion of the 
income (Figure 13). 
The peak tourism activities at Ponta do Ouro 
occur during summer  and other south African 
holidays (Figure 14), and to a less proportion 
during weekends. Dolphin based tourism is 
carried out during summer and other holidays 
(Easter and July school holidays), while diving 
takes place all year round. 
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Figure 11. The frequency distribution of age of workers 
interviewed at tourist resorts and other services at Ponta do 
Ouro.
Figure 12. The frequency distribution of monthly wages of workers at the tourist resorts at 
Ponta do Ouro.
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Diving at Ponta do Ouro is carried out at several 
reefs scattered throughout the 20km of coast 
where there are coral and rocky reefs. All reefs are 
referred to as having similar level of use, and the 
number of divers vary varies between 500 and 
1500 visitors each month.
Tourists
Most of the 50 tourists interviewed at Ponta do 
Ouro were from South Africa (70%), and most 
came from inland cities in South Africa at 
distances of less than 600km from Ponta do Ouro 
(Gauteng Province, Free State Province, Cities of 
Witbank, Pretoria and Johannesburg). A small 
proportion of South African tourists came from 
other South African coastal cities (Durban, Cape 
Town). Ten percent of the tourists were 
Mozambicans and there were also other 
nationalities represented in smaller proportions 
(e.g English, Portuguese, Argentinian and 
Colombians).
Most tourists considered the prices for 
recreational services reasonable (diving and 
swim with dolphins) although four percent 
considered prices cheap while 26% considered 
though they were expensive.
Most tourists (70%), of various nationalities, 
classified the experience of swimming with 
dolphins as good, but all Mozambicans and some 
South African tourists had a neutral opinion. 
Eighty-two percent of the tourists voted in favour 
of the swim with dolphin operation, because it was 
considered very good (34%), an interesting activity 
(12%), good for learning about dolphins (6%), 
different (2%), good for research (2%), and that it 
allowed interactions (2%). However, among these 
some also considered the activity frightening (4%) 
and strange (4%), although many tourists (90%) 
said that they were not afraid of the dolphins.
In terms of influence on dolphins, several tourists 
(70%) considered that the swim with dolphins 
disturbed the dolphins, 26% considered that it did 
not affect the animals and 10% did not know. 
Those who considered that the activity disturbed 
dolphins believed: that the humans frighten the 
animals, that the activity hurts the dolphins and 
because it is not natural (humans are strange to 
the dolphin environment). A small number of 
tourists mentioned aspects such as changes of 
behaviour, noise, boat speed, and lack of respect, as 
negative aspects of swimming with the dolphins.
Perception of positive and negative aspects of swim 
with dolphins by tourists
Positive aspects of swim with the dolphins:
Tourists mentioned that the swim with the 
dolphins is positive because it allows: 
communication with animals (16%), establishment 
of friendship (12%), contact with nature (8%), to get 
know dolphins (10%), environmental awareness 
(10%). Some tourists also highlighted issues such 
as different experience (6%), therapy (2%), spiritual 
connection (2%), pleasure (2%) and contact with 
the unknown (2%).
Negative aspects of swim with dolphins:
Tourist mentioned as negative aspects: 
activities may hurt dolphins (12% of 
respondents), to be commercial (involves a lot of 
people) (10%), invading dolphin habitat (8%), 
interfere with wildlife (4%), contact with 
animals (4%), disturbance (2%), lack of control 
(2%), making dolphins tired (2%) and 
disrespecting dolphins (2%).
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Figure 13. The distribution of sources of income of tourism at 
Ponta do Ouro.
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Figure 14.The peak tourist seasons for diving and swim with 
dolphin (DB activities) recreational activities at Ponta do 
Ouro.
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Attitudes of tourist operators toward dolphins
All dive operators declared that they do not 
follow or chase dolphins, while the swim with 
the dolphin operator said that they position the 
boat well ahead of the dolphins' direction of 
movement and only follow them when they 
approach the boat. The other occasional dolphin 
operator (from Ponta Malongane) stated that 
they follow dolphins parallel to their route at a 
distance of about 5m. The majority (82%) of the 
recreational operators mentioned that the 
dolphins react differently, depending on the day 
and time of the day, in an unexpected pattern.
Opinion of workers and tourist operators at Ponta 
do Ouro
Almost 50% of workers believed that the marine 
based recreational activities do not negatively 
affect the dolphins, but 40% considered that they 
disturb the animals and 8% of workers (who do 
not have any connection with marine activities) 
did not know if there was any impact. Most 
workers thought that codes of conduct were not 
followed by operators and tourists and that 
excessive recreational fishing, oil pollution by 
engines and excess boat traffic may also 
negatively affect the dolphins.
All tourist operators claimed that their 
recreational activity did not affect the marine 
animals negatively. However, 50% of operators 
considered that there are problems of boat 
traffic control, excess number of divers at reefs, 
lack of patrolling, lack of knowledge of rules. 
The remaining tourist operators considered that 
there was a good management of the marine 
environment at Ponta do Ouro.
Social impact of the tourism in the region
Half of the workers in the tourism related 
activities in Ponta do Ouro believed that the 
marine based tourism provided social benefits, 
however nearly as many did not believe so (Table 
22). Workers referred to the improvement of 
employment opportunities, habitation, electric 
power supply, more currency circulation, as 
positive aspects of the tourism. However, almost 
all workers of similar professions had different 
ideas of the type of social impact the tourism may 
have at Ponta do Ouro.
Conclusions
1. Only half of jobs at tourist resorts at Ponta do 
Ouro were held by native people, and most 
were trained locally by the employers. Skilled 
jobs were held by people from other cities of 
Mozambique or from South Africa. 
2. The swim with dolphin tourism provided 
salaries at similar levels to the diving 
companies, but their contribution to the local 
economy was low because of the small 
number of operators.
3. The salaries paid at Ponta do Ouro were 
low compared with South Africa, but this 
may reflect the tourist affluence and 
restricted season.
4. The majority of tourists frequenting Ponta do 
Ouro came from inland cities of South Africa 
and a small proportion came from overseas.
5. A large number of tourists believed that the 
swim with dolphin activity was good for 
various reasons, but some recognized the 
existence of potential negative aspects of 
the activity.
6. The workers perceived the social impact of 
marine recreational activities differently, 
although the majority of workers believed 
that recreational activities may affect the 
environment negatively.
Perception % of workers Professions
Positive 50 Room attenders, gardener, 
sailor/skipper, cooker, 
mechanics, vendor at the 
market, driver, assistant mechanics
Negative 48 Mechanics, cooker, waiters, sailors, 
accommodation, mechanics, 
drivers, warden, bartender, vendors 
at market, builders
Do not 2 Vendors at market, assistants at 
know boat and room attenders
Table 22. Percent distribution of the opinion/perception 
of the workers in relation to marine based tourism at 
4.1.3 Comparison between dolphin 
touri sm in Zanzibar  and 
Mozambique
by E. Stensland and A. Särnblad
There is considerable potential for whale and 
dolphin tourism in Zanzibar, Mozambique and 
other areas in the East African region given the 
accessibility of animals and the many tourists that 
visit the region primarily to experience wildlife 
(Hoyt 2001). The tourism provides a good 
alternative to the former hunt for dolphins. 
However, if the tourism is not controlled, intrusive 
behaviours of boats and swimmers could lead to 
decreased reproductive success (Bejder et al. 
2006) and increased avoidance by dolphins 
(Constantine 2001) which ultimately will lead to 
reduced tourism potential.
Our results from Menai Bay, Zanzibar, showed 
that dolphin behaviour, movement and dive 
patterns were affected by the tourism activities 
(section 4.2.1). Although there is a lack of data to 
investigate the long-term effects of these changes 
on dolphin survival, reproduction and growth, 
even the short-term changes found in this study 
should be cause for concern and warrants 
regulation and implementation of existing 
guidelines for the dolphin tourism. In Shark Bay, 
Australia recent studies have shown that the 
reproductive success of female bottlenose 
dolphins is negatively correlated with exposure 
to tourism vessels (Bejder et al. 2006). It is 
worrying that even in an area such as Shark Bay 
with only two tourist vessels operating and where 
tourism is strictly regulated, the activity still has 
serious effects on vital population parameters. In 
Shark Bay tourists are not allowed to interact 
closely with the dolphins (i.e. no swimmers 
allowed) and encounters, within 50m of a 
dolphin group, are restricted to a 15 minute time 
limit (Bejder et al. 2006). 
In Mozambique baseline data has been collected 
on the impact of the dolphin tourism on the 
behaviour of dolphins in Ponta do Ouro. These 
data have not yet been analysed and further studies 
are needed to fully investigate the potential impact. 
However, according to the questionnaires most 
tourists (70%) visiting the area expressed concern 
that the tourism activity disturbed the dolphins 
(see section 4.1.2). The tourist operators also stated 
the dolphins' reactions to approaches were difficult 
to predict, regardless of the time of the day. 
Dolphins are more vulnerable to disturbance 
during important behaviour such as foraging and 
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resting and it is likely that they react differently 
when approached depending on their initial 
activity. The behavioural activity of dolphins may 
vary depending on time of the day, tidal cycle etc. 
In both Ponta do Ouro and in Menai Bay 
guidelines have been issued to make the dolphin 
tourism activities less invasive to the dolphins. 
The guidelines in the two areas differ in the way 
that they were issued and how they were 
formulated. The guidelines in Ponta do Ouro 
were issued by the tourist operator and address 
how the activity should be conducted (section 
4.1.2.). In Menai Bay the guidelines were issued 
by the Department of Fisheries and Marine 
Resources  Zanzibar, and they were formulated 
in a way stating how to behave and not behave 
around the dolphins (section 4.1.1).
The guidelines in Ponta do Ouro are in a way 
stricter than those of Menai Bay. For example 
only one boat at a time is allowed to interact 
with the dolphins and there are situations when 
swimming is not allowed (i.e. when groups 
contain newborn calves). The decision whether 
or not to swim with the group is taken by the 
boat operator “The skipper approach the 
dolphin group and assess the behaviour and 
group composition of the dolphins to decide if 
swimming will take place” (section 4.1.2). These 
guidelines are therefore dependant on extensive 
knowledge of dolphin behaviour by the boat 
operator. In Menai Bay, the guidelines lack 
restrictions on when swimming is appropriate 
and limitations on the number of boats. The 
first issued guidelines in Menai Bay were stricter 
and contained limitations on the number of 
boats allowed. However, these were considered 
too strict and were not followed and less 
stringent guidelines were agreed upon by the 
stakeholders in 2003. The questionnaire 
revealed that the lack of limitations in number 
of boats poses a problem for the compliance of 
the guidelines e.g. “when there are many boats at 
one time with a group of dolphins some boat 
operators ignore the codes” (section 4.1.1). 
When there are many boats around, the stress 
increases for the boat operators, the tourists and 
the dolphins (as found in section 4.2.1). The re-
instatement on Zanzibar of a limitation in the 
number of boats allowed with one group of 
dolphins may address this problem. 
For the wellbeing of the dolphins and the 
sustainability of the tourism it is important to 
have an agreement between the stakeholders so 
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that issued guidelines are followed. It may 
therefore be constructive to start with less 
stringent guidelines and make sure that these are 
implemented and complied with, than to have 
regulations that are not followed at all. However, 
agreement and less stringent guidelines alone 
may not be sufficient. Although the operators in 
Menai Bay were aware of the issued guidelines, 
only 60% stated that they were following them. 
Similarly the workers in the Ponta do Ouro 
questionnaire believed that the guidelines (codes 
of conduct) were not followed by the operators. 
The number of operators differs between the two 
areas, in Ponta do Ouro there is only one dolphin 
tour operator whereas in Menai Bay there are as 
many as 50 operators (section 4.1.1). In Ponta do 
Ouro there are also diving companies that 
sometimes interact with the dolphins and it is 
important that they also adopt the guidelines.
That the behaviour of dolphins is affected by the 
presence of swimmers in the water was shown in 
section 4.2. The behaviour of the swimmers and 
boats is therefore crucial to limit the impact on the 
dolphins. In Menai Bay the swimmers should 
enter the water quietly. During a stressful situation 
with many boats this in often ignored, both by the 
operators and the tourists, who jump or dive into 
the water (Stensland and Särnblad pers. obs.). The 
splashes made by the swimmers when jumping 
into the water may be frightening to the dolphins 
since tail splashing at the surface by a dolphin is a 
sign of aggression. In Ponta do Ouro swimmers 
are dropped in the water ahead of the dolphins' 
direction of movement and the swimmers should 
wait for the dolphins to approach.  
Education is crucial for the understanding of the 
potential impact that dolphin tourism has on the 
behaviour and wellbeing of the dolphins. It is 
crucial that the tourist operators have knowledge 
about this and understand the consequences of 
their behaviour. The tourist should also be 
educated and informed on how to behave 
around the dolphins in order to have the 
guidelines followed by all people that approach 
the dolphins. In Ponta do Ouro the tourists are 
obligated to attend a briefing on the ecology of 
the dolphins before they go out on a dolphin trip. 
This is encouraged in Menai Bay as well. 
The suggested approach with tour guides and 
boat drivers that are certificated and educated by 
an organisation such as KIDOTOA (see section 
4.3 below) is a good strategy to ensure that the 
guidelines are followed. However, such system 
will need to be monitored in order to make sure 
that the certified operators are following the 
guidelines. When the system is working and 
guidelines are followed, an evaluation of the 
efficiency of the guidelines should take place. 
This may be done by comparing the behaviour 
of dolphins in areas with tourism activities to 
dolphins in areas without tourism. If deemed 
necessary more stringent guidelines should then 
be issued in agreement with the stakeholders. 
Mother and calf Indo-Pacific bottlenose dolphins off the South coast of Zanzibar. (© Eva Stensland)
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4.2 Behavioural changes of nursing female Indo-Pacific bottlenose 
dolphins in response to boat based tourism off the south coast of 
Zanzibar
by E. Stensland and P. Berggren
specified how boats and swimmers should 
behave around the dolphins. In year 2000 a 
field study was conducted where dolphin 
behaviour was compared in relation to 
whether the proposed guidelines for the 
dolphin tourism were followed or violated. 
The study showed changes in behavioural 
states and increased frequency of stress related 
behaviours when guidelines were violated 
(Englund & Berggren 2002). Dolphin groups 
that were approached by tourist boats 
violating the guidelines also changed their 
behaviour from resting to travelling (Englund 
& Berggren 2002).
The suggested guidelines introduced in 1998 
were considered to be too strict and were 
therefore not followed to a large extent by the 
tourist boat operators. Instead revised and less 
stringent, guidelines were developed in 
consultation with the stakeholders. These new 
guidelines (Box 1) were issued by the 
Department of Fisheries and Marine Resources 
in 2003 and have been distributed to both boat 
operators and tourists through a leaflet available 
in English and Kiswahili. 
Objectives
To assess the impact of dolphin tourism 
reserach were conducted on both individual 
and group level of Indo-Pacific bottlenose 
dolphins off the south coast of Zanzibar in two 
separate studies: the first study investigated the 
group size, behaviour, movement and dive 
patterns of female Indo-Pacific bottlenose 
dolphins by comparing observations made at 
different levels of tourism activity, and the 
second study investigated the behaviour of 
dolphin groups in relation to whether the issued 
guidelines were followed or not.
Methods study 1
Boat surveys were conducted in the study area 
between January and March 2000 to 2002. We 
studied the behaviour, movement and dive 
patterns of female bottlenose dolphins with 
dependent calves using focal individual 
follows and scan sampling of focal female 
groups. We used point sampling techniques 
Introduction
Whale and dolphin watching in developing 
countries are often unregulated and concern has 
been raised for the welfare of the animals 
(Spradlin et al. 2001). The activities may have a 
negative impact on the animals and should 
therefore be managed and regulated. Dolphin 
tourism activities off the south coast of Zanzibar, 
East Africa, have been increasing rapidly since its 
inception in 1992 (Amir & Jiddawi 2001). The 
main target for the dolphin tourism is a 
population of Indo-Pacific bottlenose dolphins 
resident in the area (Stensland et al. 2006). Initially 
only a few boats participated in the activity. 
However, by 2001 a total of 35 dolphin tourist 
boats were active and based in the two villages 
Kizimkazi-Dimbani and Kizimkazi-Mkungoni 
(Amir & Jiddawi 2001). Dolphin tourism has 
gradually replaced a previous hunt for dolphins in 
the area, where dolphin meat was used as shark 
bait and for local consumption, and dolphin 
blubber for waterproofing boats (Amir & Jiddawi 
2001). The last hunt took place in 1996 when 23 
dolphins were killed. Since then, the dolphin 
tourism has become more valuable than the 
previous hunt by supplying new job opportunities 
and other incomes for the villagers. The south 
coast of Zanzibar is one of the first described areas 
where a cetacean hunt has been replaced directly 
by a cetacean watching activity. 
The dolphin tourism activities off Zanzibar have 
been completely unregulated for a long time and 
field observations of dolphin behaviour in the 
presence of tourist boats collected in March 
1998 indicated that the animals were potentially 
disturbed by the way that the tourism activities 
were conducted (Stensland and Berggren pers. 
obs.). For example, dolphins subjected to tourism 
activities were observed moving erratically and 
regularly displayed behaviours that could be 
stress related such as tail slapping and coughing 
(Stensland and Berggren pers. obs.). In response, 
suggested guidelines for best dolphin tourism 
practise were introduced in November 1998 in 
an attempt to minimise the impact from the 
dolphin tourism on the animals. These 
guidelines gave recommendations on maximum 
number of boats per dolphin group and also 
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Box 1. Guidelines issued by the Department of Fisheries and Marine 
Resources , Zanzibar
Guidelines
For boat operators:
1. Drive the boat slowly with a steady speed. Avoid sudden changes 
of speed or direction. Avoid reverse or going in and out of gear. 
2. Approach the dolphin group from the rear or the side. Never head  
on. 
 
3. Do not chase the dolphins, let them come to the boat instead. 
 
4. Do not encircle or intersect the dolphins. 
 
5. Always make sure the dolphins have an escape route when there 
are more than two boats. 
 
6. Never approach a mother and calf. 
 
7. Dolphins slapping their tails at the surface, making coughing 
sounds, leaping or turning away from the boat, indicating that 
They are disturbed. Leave them alone and look for other animals 
instead.
 
 
For swimmers:
 
1. Enter the water as quietly as possible. Do not jump or dive in. 
 
2. Stay close to the boat and hold on the boat or line along the side 
of the boat. 
 
3. Do not swim after or chase the dolphins, let them come to you.  
(Altmann 1974, Mann 1999) and recorded the 
behaviour and dive types of the focal females at 
1 min intervals. Group scans were conducted 
at the same time intervals to determine the 
movement patterns and general behaviour of 
the focal female groups. Statistical 
comparisons were made between observations 
during tourism activities of different levels and 
observations without tourism activities. 
Results study 1
The movement patterns of dolphin groups were not 
affected by the presence of a few (1-2) tourist boats 
without swimmers. However, the dolphin groups 
had a significantly larger proportion of non-
directional (erratic) movements during the 
behaviour travel as tourism activities increased 
and swimmers were present (Figure 15). 
Females travelled more frequently as tourism 
activities increased which may have a negative 
effect on the time available for females to nurse 
their calves. This indicates that the dolphins try 
to avoid the tourist boats and possibly aim to 
leave the area where the tourism activities take 
place. Females mainly nurse their calves during 
resting while nursing is less common during 
foraging and almost absent during socialising 
(J. Mann pers. comm.). An increase in the 
proportion of travel may therefore lead to less 
time for nursing and could potentially also 
affect the proportion of other important 
behaviours such as foraging. 
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Figure 15. Mean time in percent, with standard deviation, that focal groups made non-directional movements during travel: 
without tourist boats (TB 0), with few tourist boats (1-2) without swimmers (TB 2), few tourist boats with swimmers (TB 2 s) 
and many tourist boats with swimmers (TB 3+ s). The ANOVA test was performed on arc sin transformed data.
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The proportion of active dives (deep dives) also 
increased during encounters with swimmers (Fig. 
16.). Altering dive patterns may be a direct response 
to a near distance threat and a higher proportion of 
active dives as well as changes in movement patterns 
may indicate that the dolphins try to avoid the 
tourism activities. The unpredictable behaviours of 
tourist boats and swimmers may result in that 
dolphins regard these as threats and therefore induce 
an erratic or avoidance behaviour (Lusseau 2003).
Methods study 2
The behaviour of dolphin groups were also studied 
during February to March 2005 by and comparisons 
were made between observations where tourist 
operators followed or violated the revised guidelines. 
Results study 2
The study showed that the dolphin groups formed 
significantly tighter groups when the new 
guidelines were violated (Jedensjö 2005). This may 
indicate that the dolphin groups were disturbed by 
the tourism activities when guidelines were 
violated and formed tighter groups to improve the 
protection of the members of the group. Further, 
the animals were milling significantly more 
frequently when guidelines were followed. Milling 
may be associated with foraging and socialising 
and may therefore be an indication that these 
dolphin groups were undisturbed and able to 
perform their natural behaviour. In fact there was 
also a trend that dolphin groups were foraging 
more frequently when the guidelines were 
followed which support the observation of a higher 
frequency of milling behaviour. 
Discussion and conclusion
Our results indicated that the females spent 
more time travelling with tourist boats present. 
Further, the results showed that movement and 
dive patterns of dolphins were affected by the 
presence of many boats and swimmers and that 
the presence of a few (1-2) tourist boats (without 
swimmers) resulted in no detectable changes in 
movement or dive patterns, providing that the 
boats were driven with care and not interfering 
with the heading of the animals i.e. followed 
issued guidelines. These behavioural changes 
may be short-term responses to the tourism 
activities which, if continued, may lead to the 
long-term consequence that the dolphins leave 
the area where the dolphin tourism takes place. 
The apparent changes in dolphin behaviour due 
to the increased levels of tourism activities may 
reduce the available time for important 
behaviours such as foraging and nursing which 
ultimately may reduce fitness on both individual 
and population level. Hence, it is important to 
stress the need for a precautionary approach and 
encourage that the already introduced guidelines, 
issued by the Department of Fisheries and 
Marine Resources, Zanzibar, are implemented 
and complied with. This is important both for the 
well-being of the dolphins and for the future of 
the dolphin tourism industry. 
This work has been published in:
Stensland E. and Berggren, P. 2007. Behavioural changes 
of nursing female Indo-Pacific bottlenose dolphins in 
response to boat based tourism off the south coast of 
Zanzibar. Marine Ecology Progress Series 332: 225-234.
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Figure.16. Mean time in percent, with standard deviation, that focal females (here pooled) performed active dives during travel 
without tourist boats (TB 0), with tourist boats without swimmers in the water (TB  2) and tourist boats with swimmers in the water 
(TB  2 s). The two-way ANOVA test was performed on arc sin transformed data.
4.3 Actions towards sustainability of dolphin tourism in Kizimkazi, 
Zanzibar
A workshop on Sustainable Dolphin Watching 
was organised and sponsored by this project in 
th
Kizimkazi, Zanzibar, between 29-30  December, 
2003. This represented the initial step in 
gathering the stakeholders involved in dolphin 
tourism in Kizimkazi. Among the aims of the 
workshop was to list issues that the stakeholders 
believed were important to address. Many 
different suggestions were brought forward and 
these can be found in Appendix 5.
Between November and December 2004 we 
arranged several meetings and a workshop 
involving 27 dolphin tourism stakeholders from 
government institutions (including the Institute of 
Marine Sciences (IMS), Commission of Tourism, 
Department of Environment, Department of 
Fisheries and Marine Resources and State 
University of Zanzibar), local institutions (village 
environmental committees, women groups and 
district and local governments) and local 
businessmen (owners of hotels and restaurants 
and tourists boat operators). The goal of these 
meetings and the workshop was to develop 
management strategies for dolphin tourism in 
Kizimkazi and to build a network among the 
dolphin tourism stakeholders. The workshop 
included; i) stakeholder analysis; ii) identification 
of problems and management issues; iii) 
identification of stakeholders that have the power 
and influence to solve problems and management 
issues; iv) proposal for possible solutions to 
address the management issues; v) identification 
of how each action should be implemented and 
who would be responsible; vi) selection of 
monitoring options and evaluation criteria; and 
vii) development of ideas for how results would be 
communicated to other stakeholders.
In January 2005, an important step towards 
sustainable dolphin tourism was taken with the 
formation of the Kizimkazi Dolphin Tourism 
Operators Association (KIDOTOA). KIDOTOA 
was registered on 4 March 2005 and is a non-
governmental organisation dedicated to long-
term sustainable development of the dolphin 
tourism in Menai Bay. The Association will focus 
its activities on dolphin research, education and 
environmental conservation.
In March 2005, the Jocara Indian Ocean Quest, in 
collaboration with the Menai Bay Conservation 
Area and the Sustainable Dolphin Tourism 
Project, produced a short video of dolphin 
tourism in Menai Bay. This video will be used in 
the training courses for dolphin tourism operators 
and for promoting education and awareness 
among school children and other stakeholders. 
In April and June 2005, participants of the 
Sustainable Dolphin Tourism Project gave 
several lectures on whales, dolphins and the 
tourist activities focusing on these animals at an 
intensive course for tour guides and tour 
operators held at the Zanzibar Hotel and 
Tourism Institute. The lectures included 
information on; the biology, ecology and 
behaviour of whales and dolphins; the principles 
of high-value low-impact whale and dolphin 
tourism; the nature of dolphin tourism in Menai 
Bay; the educational values of dolphin watching 
e.g. local guides as educators; and the socio-
economic benefits that dolphin tourism can bring 
to rural coastal communities such as Kizimkazi.
Between 20 and 25 June 2005, the Sustainable 
Dolphin Tourism Project conducted the first 
intensive training course in sustainable dolphin 
tourism for tour guides. The course was held at 
IMS and involved 10 participants. The course 
subjects included:
i) biology, ecology and behavioural of Indo-
Pacific bottlenose and humpback dolphins, 
and humpback whales in Menai Bay, 
ii) conservation issues facing cetaceans in 
Menai Bay and what tour guides can do to 
protect whales and dolphins in this area, 
iii) dolphin watching guidelines and its 
importance for protection of both the 
animals and their habitat, and
iv) socio-economic value of whale and 
dolphin watching.
A practical element was also part of the course 
where both land and boat-based guiding were 
included allowing participants to directly learn a 
model for best practice for whale or dolphin 
watching. The course will be given at regular 
intervals and participants will be issued a 
certificate on completion of the course.
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5. SUSTAINABLE FISHERIES 
 (WITH RESPECT TO MARINE MAMMALS)
5.1 Investigation of the geographical and seasonal occurrence of bycatch in 
drift- and bottom set gillnet fisheries in selected coastal areas of Zanzibar
Omar A. Amir, Narriman S. Jiddawi and Per Berggren
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Introduction
Several cetacean species have been reported to 
occur in East Africa, although little information is 
available regarding the distribution and 
abundance of the species present in the area 
(Borobia, 1997). In particular, few surveys on the 
occurrence and distribution of cetaceans have 
been conducted in the coastal waters of Zanzibar 
(Unguja and Pemba Islands) and Tanzania. 
However, information from incidental catch 
(bycatch) in fisheries and sightings indicate that 
Indo-Pacific bottlenose (Tursiops aduncus), 
humpback (Sousa chinensis) and spinner 
dolphins (Stenella longirostris) are the most 
common species encountered in coastal waters 
round Zanzibar (Ortland, 1997; Todesco, 1997; 
Stensland et al., 1998; Amir et al., 2002). Another 
dolphin species that has been reported in 
Tanzania and Zanzibar is the rough-toothed 
dolphin (Steno bredanensis) (Berggren et al., 
2001). The occurrences of dolphins have also 
been noted in the Rufiji Delta, Saadani, around 
Latham Island, Tanga (northern Tanzania) and 
Mtwara (south Tanzania) (Linden and Lundin, 
1995), although without any reference to species. 
This lack of information on the distribution and 
abundance is significant, as Tanzania is located 
within the Indian Ocean Sanctuary established 
by the International Whaling Commission 
(IWC) to encourage conservation and research of 
cetaceans in the region (IWC, 1980).
Most of the research efforts conducted round 
Unguja Island have focused on Indo-Pacific 
bottlenose dolphins in Menai Bay. This include 
studies of the dolphin tourism and its impact on 
dolphin behaviour (Depres, 1998; Koch, 1998; 
Gillnet fishing boat in Kizimkazi. (© Omar Amir)
Englund, 2001), dolphin tourism and community 
participation (Dudon and Reycroft, 1999; 
Logiuduce, 2000; Amir and Jiddawi, 2001) and 
boat based surveys to investigate the distribution, 
abundance and behaviour of Indo-Pacific 
bottlenose and humpback dolphins in Menai Bay 
(Särnblad, 2001; Stensland, 2002, 2004).  The 
only previous attempt to investigate the occurrence 
and distribution of marine mammals around 
Zanzibar was an aerial survey conducted in 
March 2000, which covered the Zanzibar channel 
and coastal waters of Unguja Island, within 10 
nautical miles of the coast (Berggren et al., 2001). 
Five species of dolphins (Indo-Pacific bottlenose, 
Indo-Pacific humpback, Risso's, rough-toothed 
and spinner dolphin) were recorded.
The Scientific Committee of the IWC has 
acknowledged the urgent need for information 
on the status of cetaceans in eastern Africa 
(Anonymous 1998a). The United Nation 
Environment Programme (UNEP) has also 
expressed the need to improve our understanding 
of the distribution, abundance and ecology of 
small cetaceans in Africa (Borobia, 1997). 
In this study records of landed bycaught 
dolphins from 12 fish landing sites round 
Unguja Island were used to investigate the 
geographical and seasonal occurrence of bycatch 
of dolphins in Unguja Island coastal waters. 
Materials and methods
Study Area
The study was conducted on Unguja Island 
between January 2000 and March 2006. Unguja 
o o
Island is located at 06  South and 39  East about 
40 miles off the central coast of mainland 
Tanzania and is often referred to as Zanzibar 
although the latter also includes Pemba Island 
(Fig. 17). The study area was divided into five 
regions according to the distribution of fishing 
effort: region 1 (Mwana wa Mwana, Uso wa 
Membe and Bumbwini Mnarani), region 2 
(Nungwi and Mnemba Is.), region 3 (Kwale Is., 
Pungume Is. and reef Kobela), region 4 (Pongwe, 
Uroa and Michamvi) and region 5 (Changuu Is. 
and Bawi Is.). The study area also included the 
coasts of Tanga and Bagamoyo on mainland 
Tanzania (Fig. 17). 
Sample Collection 
From January 2000 to March 2006, a programme 
was initiated, by the Marine Mammal Education 
and Research Group at the Institute of Marine 
Sciences (IMS), University of Dar es Salaam, to 
record and collect dolphin bycatch data from the 
drift- and bottom set gillnet fisheries around 
Unguja. Fishermen from 12 fish landing stations 
were asked to send and report every dolphin found 
dead in their gillnets to fisheries beach recorders 
(employed by the Department of Fisheries and 
Marine Resources) or a contact person at Zanzibar 
Central market. The specimens were then 
transported to IMS where the dolphins were 
identified to species and dissected. When 
submitting dolphin specimens to the programme, 
fishermen were also asked to provide information 
on the number of specimens, date and location of 
capture and type of gillnet used. 
Involvement of fishermen
Initially, the fishermen agreed to supply the 
whole dolphins caught in their gillnets for a small 
financial compensation (US$ 1-3) to cover their 
time and expenses to transport the fresh 
specimens to the location of the beach recorder or 
to Zanzibar Central market. However, in a three-
month period only a few animals were submitted 
and subsequent enquiries revealed that other 
dolphins were sold for shark bait. Fishermen 
stated that our compensation was inadequate and 
that a higher fee was required. An increased fixed 
price of US$ 5 for a small specimen and US$ 10 
for a large was offered, which was large enough 
for the fishermen to submit the carcasses to us, 
rather than sell them for bait, but still low enough 
to discourage efforts to purposely catch dolphins.
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Figure 17. Map of Unguja Island showing the study area 
divided according to the distribution of fishing effort.
Description of the fisheries
The fishermen involved in collection of dead 
dolphins use drift set nets for large pelagic fish and 
the bottom set nets for demersal species. Drift nets, 
targeting large pelagic fish such as kingfish, 
swordfish, sailfish, skipjack tuna and marlin, are 
approximately 500-900m in length with variable 
mesh sizes from 7-20cm, while bottom-set nets, 
targeting sharks and rays, vary in length up to 450m, 
with mesh sizes ranging from 20-40cm. These 
bottom set nets are usually set very close to the shore.
The majority of the fishermen in the northern 
villages (Nungwi, Mkokotoni, Fukuchani, Tazari 
and Matemwe) operate their nets from dhows 
while fishermen in the southern villages 
(Kizimkazi Mkunguni, Kizimkazi Dimbani, 
Unguja Ukuu and Fumba) use boats and 
outrigger canoes. Fishing is conducted at night, 
mainly during the darker phases of the moon. 
Vessels normally depart from port in the mid-
afternoon and nets are set before sunset and 
hauled at dawn. One end of the string is attached 
to the vessel while the other end is attached to a 
buoy, allowing the nets and the vessel to drift 
freely with the current.  The number and length 
of nets in a string in this fishery varies 
considerably among vessels and villages. For 
example, boats and dhows have about eight nets 
each, while outrigger canoes have about three.
Species identification of dolphins
Collected dolphins were identified to species 
level using morphological characters (length and 
girth measurements, weight, tooth counts and 
pigmentation patterns) and compared to 
published identification guides (Jefferson et al., 
1993; Folkens 2001). All specimens were fresh 
and intact at the time of identification. 
Results discussion
Species Composition
Six species of dolphins were identified from a 
total of 187 specimens caught in drift- and bottom 
set gillnets (Table 23). Most of the specimens 
(95%) were from the drift gillnets. The Indo-
Pacific bottlenose dolphin (Tursiops aduncus) was 
the most common species in the bycatch (47% of 
specimens), followed by spinner dolphin (Stenella 
longirostris), Risso's dolphin (Grampus griseus), 
Indo-Pacific humpback dolphin (Sousa chinensis), 
pan-tropical spotted dolphin (Stenella attenuata) 
and common bottlenose dolphin (Tursiops 
truncatus). The number of specimens collected 
from bycatch for each species and their relative 
frequencies are shown in Table 23. 
Table 23. Species of dolphins identified from 
bycatches collected from January 2000 to March 2006 
Distribution and Habitat
The majority of the dolphins were reported from 
the north coast of Unguja Island. The geographic 
distribution of the dolphin bycatch by region 
round Unguja Island is shown in Table 24.
Table 24. The geographical distribution of dolphin 
bycatch by region round Unguja Island. The number 
of specimens and their percentages are shown for 
Tursiops aduncus (Ta), Stenella longirostris (Sl), Grampus 
griseus (Gg), Sousa chinensis (Sc), Stenella attenuata (Sa) 
and Tursiops truncatus (Tt.)
Seasonality of Entanglement
The monthly temporal distribution of the 
dolphin bycatch for the period January 2000 to 
March 2006 is shown in Table 25. 
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Common name Scientific name Number % 
  of animals
Indo-Pacific Tursiops aduncus 87 47
bottlenose dolphin
Spinner dolphin Stenella longirostris 57 30
Risso's dolphin Grampus griseus 15 8
Indo-Pacific Sousa chinensis 15 8
humpback dolphin
Pan-tropical Stenella attenuata 7 4 
spotted dolphin
Common Tursiops truncatus 2 1 
bottlenose dolphin
Unidentified 4 2 
dolphins
Total 187 100
Area of Ta Sl Gg Sc Sa Tt Total %
capture
1
Region 39 19 5 5 1 69 38
2
Region 17 30 15 1 2 66 36
3
Region 9 4 3 1 17 9
4
Region 10 2 3 15 8
5
Region 8 8 4
Tanga 2 2 2 6 3
coast
Bagamoyo 2 2 1
coast
Total 87 57 12 15 6 2 183 100
1
Mwana wa Mwana and Uso wa Membe;
2
Nungwi and Mnemba Is.;
3
Menai Bay (Kwale Is., Pungume Is. and Reef Kobela)
4
Pongwe, Uroa and Michamvi;
5
Changuu Is. and Bawi Is
The results from this study show that at least six 
species of dolphins (Indo-Pacific bottlenose, 
spinner, Risso's, Indo-Pacific humpback, pan-
tropical spotted, and common bottlenose 
dolphin) are bycatch of the drift- and bottom set 
gillnet fisheries around Zanzibar. Two of the 
species (pan-tropical spotted dolphin and 
common bottlenose dolphin) have not previously 
been reported in the area. The data provide the 
first information on the geographical and 
temporal distribution of dolphin species round 
Zanzibar and thus help fill the gap in 
information of small cetaceans in East African 
coastal waters. Only one previously-reported 
dolphin species (Steno bredanensis) for the area 
was not represented in the samples. 
The larger number of dolphins caught in coastal 
waters north of Unguja Island is likely to reflect 
the greater fishing effort in this area (see Amir et 
al., 2002) rather than a greater abundance of 
d
olphins compared to the other regions. 
However, a broad survey of dolphin abundance 
would be necessary to confirm this. The methods 
used in the drift- and bottom set gillnet fisheries 
are similar and the target fish species are the 
same in the various regions round Unguja 
Island. Half of the samples were collected during 
the first four months of the year (January-April). 
The reason for this is not clear, but it could be 
due to the fact that the months February to April 
represent the inter-monsoon period. This is 
usually the most calm time of the year and hence 
more drift gillnet operations are conducted 
during this period. The drifting gillnet operation 
is generally restricted to waters north and south 
west of Unguja Island, with water depths 
exceeding 100m. Fishing takes place over about 
three weeks during the dark moon phase.
Until recently, most scientists recognized a single 
species of bottlenose dolphin, the common 
bottlenose dolphin (T. truncatus), with a number 
of regional forms (Mead and Potter, 1990; Ross 
and Cockcroft, 1990). Previous reports of 
bottlenose dolphins round Zanzibar all referred 
to T. truncatus without any justification. It is 
suspected that many of these reports may have 
been T. aduncus. Currently, the Scientific 
Committee of the International Whaling 
Commission recognizes two species within the 
genus Tursiops; T. aduncus (the Indo-Pacific 
bottlenose dolphin) and T. truncatus (the 
common bottlenose dolphin) (IWC, 2000). 
The separation of the two Tursiops species in our 
study was based on differences in morphological 
features and size in relation to reproductive 
maturity. Investigation of the sexual maturity of the 
T. aduncus caught during the present study showed 
that all specimens with a body length of 200cm or 
greater were sexually mature (males based on 
microscopic examination of histological slides of 
the testes and females based on the presence of 
corpora albicantia in the ovaries (Amir, 2004). 
Further, all sexually mature T. aduncus had 
developed ventral spotting of various degrees. The 
two animals that were identified as T. truncatus 
were both immature with body lengths of 244 and 
280cm for the female and male, respectively. These 
measurements were greater than the maximum 
lengths recorded for any of the collected T. aduncus 
(females 232cm and males 238cm).
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Table 25. The distribution of bycatches of dolphins by month for the period January 2000 to March 2006
Month Tursiops Stenella Grampus Sousa Stenella Tursiops Total
aduncus  longirostris  griseus  chinensis  attenuata truncatus 
Jan. 6 9 0 2 0 0 17
Feb. 10 15 5 0 0 0 30
Mar. 19 17 6 1 2 0 45
Apr. 11 3 2 1 0 0 17
May 3 1 0 3 1 1 9
Jun 1 0 0 0 0 0 1
Jul 7 5 0 1 3 0 16
Aug 10 3 2 5 0 0 20
Sep 7 2 0 1 0 0 10
Oct 6 1 0 1 0 0 8
Nov 5 0 0 0 1 0 6
Dec 2 1 0 0 0 1 4
Total 87 57 15 15 7 2 183
T. aduncus was the most common species identified, 
accounting for 47% of the total bycatch collected 
during the survey. The high percentage of T. 
aduncus caught in gillnets in the coastal waters 
indicates that they may be the most abundant 
inshore dolphin species around Zanzibar. This is 
also supported by the high percentage of this 
species in a previous survey of the incidental catch 
of dolphins in the gillnet fisheries in Zanzibar 
(Amir et al., 2002). Alternative explanations to the 
high percentage of T. aduncus in the bycatch could 
also be that this species may be more vulnerable to 
entanglement in nets or that the species' 
distribution has a greater overlap with the 
distribution of the gillnet fishing effort compared to 
other dolphin species in the area. However, the data 
in this study indicate that T. aduncus is distributed 
in all inshore waters around Unguja Island. 
Further, T. aduncus share coastal habitats with S. 
chinensis off the south coast of Unguja Island 
(Todesco, 1997; Stensland et al., 1998; 2006), and 
with S. longirostris off the north coast by Nungwi 
and Matemwe (Ortland, 1997). Preliminary results 
from genetic analyses using mitochondrial DNA 
and microsatellites nuclear DNA from specimens 
of bycatch and animals sampled in the field, 
indicate a restricted gene flow and limited female 
dispersion between northern and southern Unguja 
Island (See section 3.2 above). These results are 
also supported by data from mark-recapture 
studies of photographically identified dolphins 
repeatedly identified (within and between years) off 
the south coast of Unguja (See section 3.1.1 above).  
The second most common species examined was 
Stenella longirostris, which accounted for 30% of the 
bycatch specimens supplied during the survey. 
The bycatch data indicate that the species is 
distributed in all coastal waters of Unguja Island 
except off the west coast where no specimens were 
retrieved from the fisheries in the Zanzibar 
channel. This area is relatively shallow (maximum 
depth <50m) and may not meet the habitat 
requirements for the species. Stenella longirostris 
has also been observed in mixed species groups 
with S. attenuata along the north coast of Unguja 
off Nungwi (O. Amir and P. Berggren, pers. obs.). In 
other areas of western tropical Indian Ocean S. 
longirostris is far more widespread and abundant 
than S. attenuata, although mixed species groups 
of the two species have also been recorded by 
Ballance and Pitman (1998). 
The records of Grampus griseus in the bycatch 
confirm previous observations of the species off 
the east coast of Unguja (Berggren et al., 2001). 
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However, G. griseus is probably more widely 
distributed off the east coast of Unguja than 
indicated in the bycatch records. For example, 
fishermen from the villages of Nungwi, 
Matemwe and Kizimkazi have reported that the 
species is occasionally observed off the north, 
east, and south coasts of Unguja Island. 
Sousa chinensis was only recorded in the bycatch 
off the southwest, west and northwest coasts of 
Unguja, and in the Zanzibar channel, in water 
depths less than 50m. The species has been 
regularly sighted off the south coast of Unguja 
and frequently in mixed species groups with T. 
aduncus (Stensland, 2004). Re-sighting of 
identified individuals within and between years 
indicates a small resident population in this 
area. The latest available abundance estimate is 
from 2001 (see section 3.1.1 above) based on the 
mark-recapture analyses, which gave an 
estimated abundance of 71 dolphins (95% CI 
48-94) (Stensland et al. 2006). Bortolotto, et al., 
(2001) have also recorded sightings of groups of 
Sousa, which they identified as S. plumbea, in the 
waters off the west coast of Unguja. It is likely 
that the animals encountered by Bortolotto et al., 
(2001) belong to the same species of Sousa as 
recorded off the southwest coast of Unguja 
reported in this study and by Stensland (2004).  
Humpback dolphins are distributed throughout 
the African and Indo-Pacific region (Jefferson 
and Karczmarski, 2001) and the taxonomy of 
the genus is still under review.  The Scientific 
Committee of the International Whaling 
Commission (IWC) produces regular updates of 
the taxonomy of the cetacean species around the 
world. According to the latest list of species 
recognized by the IWC there are two species 
within the genus Sousa, the Atlantic humpback 
dolphin (Sousa teuszii) and the Indo-Pacific 
humpback dolphin (Sousa chinensis )  
(http://www.iwcoffice.org/conservation/cetacea
.htm#odontoceti). 
The results of this study demonstrate a relative 
high diversity of dolphin species present in the 
coastal waters round Unguja Island. This 
information is important to the region since it 
demonstrates the potential for tourism based on 
dolphin watching. The results are also cause for 
concern regarding the possible impact of the 
high mortality due to the gillnet fishery on local 
populations and warrant further investigation.
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Conclusions
Dolphins were caught in gillnets at sites all round 
Unguja Island, in the Zanzibar Channel and 
along the coast of northern Tanzania. Indo-
Pacific bottlenose dolphins and Indo-Pacific 
humpback dolphins were caught primarily in the 
inshore waters of all areas. Spinner and Risso's 
dolphins were found and caught in areas of 
deeper waters (depth >100m). Two species not 
previously recorded in the area were also present 
in the bycatch, the Pan-tropical spotted dolphin 
and Common bottlenose dolphin. 
The large number of dolphin specimens collected 
from bycatch in this study is a serious cause for 
concern. There is a need for further research to 
estimate the magnitude of the bycatch. Although 
this information is needed for proper assessment 
of the biological impact on local dolphin 
populations, this should not delay conservation 
and management efforts to reduce the number 
of dolphins drowned in the Zanzibar gillnet 
fisheries.
Part of this work has been published in:
Amir, O. A., Jiddawi, N. S. And Berggren, P. (2005). 
The Occurrence and Distribution of Dolphins in 
Zanzibar, Tanzania, with Comments on the 
Differences Between Two Species of Tursiops. Western 
Indian Ocean J. Mar. Sci. Vol 4, No. 1, pp. 85 - 93.
 Indo-Pacific humpback dolphin bycaught in a gillnet off the South coast of Zanzibar. (© Omar Amir)
Indo-Pacific bottlenose dolphin bycaught in a gillnet off the South coast of Zanzibar. (© Omar Amir)
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(Stensland et al., 2006). Some cetaceans seem 
unable to sustain incidental kill rates as low as 2% 
per year, depending on the life history of the species 
(IWC (1996). Thus, the aim of this study was to 
estimate the magnitude of the bycatch of dolphins 
in gillnet fisheries in order to assess its biological 
significance to the populations of Indo-Pacific 
bottlenose and humpback dolphins in Menai Bay.
Materials and methods
Study Area
The study was carried out in Menai Bay, situated on 
the southwest of Unguja Island. The study was 
conducted between May and August 2003 and 
November 2003 and February 2004. The fishing 
vessels studied work from Kizimkazi Mkunguni 
and Kizimkazi Dimbani in the south of Menai Bay 
(Figure 17). Two types of vessels were used in the 
fishery. These were wooden and fiber boats (boti) 
which are around 8m in length and all used drift- 
and bottom set gillnets. The other type of vessels was 
outrigger canoes (ngalawa) which are around 4m in 
length and only used bottom set gillnets. 
Data collection
Data collection was achieved by placing 4 observers 
who accompanied fishing vessels operating gillnets 
from Kizimkazi Mkunguni and 2 observers who 
accompanied fishing vessels operating gillnets from 
Kizimkazi Dimbani with the collaboration of their 
captains. During the fishing operations the observers 
recorded data on location, time of departure and 
arrival, time of setting and hauling the net, soak time, 
length and description of the net, fish catch and 
cetacean bycatch using standardized data forms. The 
fishing effort was then calculated as km net x hour 
fished, where km net is the length of nets set in 
kilometer and hours fished is the time the net was in 
water. All marine mammals found entangled in fishing 
nets were recorded and dead animals were brought 
into the vessel and reported to the beach recorder. 
Estimation of bycatch rates and extrapolation to 
annual totals
By-catch rate was calculated as the number of 
recorded by-catches per monitored fishing effort 
(dolphins/km net x hours fished). Total annual 
bycatch of dolphins was then calculated as the 
observed by-catch rate x total fishing effort. The 
annual mortality rate was calculated as the total 
annual bycatch divided by the latest estimate of 
population size.
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Introduction
Marine mammals in the east Africa region suffer 
from direct (hunt) and indirect takes (bycatch in 
fisheries) as well as habitat degradation due to 
anthropogenic activities (Borobia, 1997). 
Expansion of fisheries and the introduction of 
certain types of gear, particularly large seine nets 
and gillnets, have affected a number of marine 
mammal populations adversely (Read et al. 2006). 
Bycatch in fishing gear (mainly drift- and bottom set 
gillnets) has been recognized as the major threat to 
the conservation of small cetaceans in the east 
African region (Anonymous, 1998a). For example, 
six species of dolphins have been reported bycaught 
in drift- and bottom set gillnets around Zanzibar, 
Tanzania (Amir et al., 2002; 2005). 
According to mark-recapture population size estimates 
for 2002 there were 136 (95 % confidence interval (CI) 
124-172) Indo-Pacific bottlenose dolphins and 63 (95% 
CI 57-95) Indo-Pacific humpback dolphins residing off 
the South coast of Zanzibar (see section 3.1.1. above). 
Re-sighting of individually identified animals within 
and between years further indicated that both species 
are resident in the area (Stensland, et al. 2006). 
Bycatch of both Indo-Pacific bottlenose and 
humpback dolphins have been documented in drift- 
and bottom set gillnets in Menai Bay (Amir et al., 
2002), although there are currently no estimates of 
the magnitude of this bycatch and its effect on the 
dolphin populations concerned. Previous evaluation 
of its impact based on the minimum numbers of 
bycatch in the area collected from fishermen during 
the year 2000 and 2001 indicated a potential threat 
to these two dolphin populations in the area 
Fishermen hauling a gillnet off the South coast of 
Zanzibar. (© Per Berggren)
Results and discussion
Observed fishing effort
A total of 138 days of fishing was monitored. 
During the fishing operations observers monitored 
the set and haul of 75.4km of drift gillnet, 73.2% by 
Kizimkazi Mkunguni boats and 26.8% by 
Kizimkazi Dimbani boats. When multiplied by 
soak time for each drift gillnet set, this represented 
371.6km net x hours of observed fishing effort in 
drift gillnet, 68% by Kizimkazi Mkunguni boats 
and 32% by Kizimkazi Dimbani boats. Three 
Indo-Pacific bottlenose dolphins were observed 
bycaught. The observed effort represented about 
23.6% of the total annual fishing effort of 
1577.9km net x hours recorded on the same year 
from Department of Fisheries. For bottom set 
gillnet operations, the observers monitored haul of 
69km, 25.8% done by Kizimkazi Mkunguni 
fishermen and 74.2% by Kizimkazi Dimbani 
fishermen. When multiplied by soak time for each 
bottom set gillnet, this represent 1656.2km net x 
hours of fishing effort, 25.8% by Kizimkazi 
Mkunguni boats and 74.2% by Kizimkazi 
Dimbani boats. One Indo-Pacific humpback 
dolphin was observed bycaught. The observed 
effort represents about 25% of the total annual 
fishing effort of 6624.8km net x hours recorded on 
the same year from Department of Fisheries.
Bycatch rate
The observed bycatch rate for Indo-Pacific 
bottlenose dolphins in the drift-net fishery was 
0.008 per km x net hours fished (80 dolphins per 
10,000km net x hours fished). The observed 
bycatch rate for Indo-Pacific bottlenose 
dolphins in the drift-net fishery was 0.0006 per 
km x net hours fished (6 dolphins per 10,000km 
net x hours fished).
Total annual bycatch
The estimates of the total annual bycatch using a 
bycatch rate based on animals caught per 
1000km net times hours fished was 13 for Indo-
Pacific bottlenose dolphins in drift gillnet, and in 
bottom set gillnet was 4 for humpback dolphins. 
Removal rate
To evaluate the biological significance of the 
documented bycatch in the study area annual 
mortality rates were calculated from the total 
bycatch and the abundance of each species 
derived in 2002. The calculated annual mortality 
rate for Indo-Pacific bottlenose dolphins was 
9.6% (13/136) in the drift gillnets and for 
humpback dolphins the rate was 6.3% (4/63) in 
the bottom set gillnets. 
This study has provided the first estimates of the 
magnitude of bycatch of dolphins in gillnet 
fisheries in Menai Bay. This is important and 
necessary information to allow assessment of the 
impact of bycatch to these populations that live 
under threat from bycatch in fisheries. The 
mortality rates of 9.6% for Indo-Pacific 
bottlenose dolphins and 6.3% for humpback 
dolphins are higher than the level considered 
sustainable for small cetacean population level. 
The Scientific Committee of the International 
Whaling Commission (IWC) has agreed that a 
yearly anthropogenic removal of 2% is 
considered unsustainable for small cetacean 
populations (IWC, 1996). This agreement was 
based on the assumption that the species 
concerned may have a population maximum net 
production lower than 4% per year and that 
removal and abundance estimates may be 
associated with uncertainties (IWC, 1996). 
Demographic models indicate that levels 
between 2-6% are possible and that 4% could be 
regarded as an upper limit for small cetaceans 
such as dolphins (Reilly and Barlow, 1986; 
Wade, 1998;). Hence, these bycatches could 
potentially be a threat to the long-term survival of 
the two populations in Menai Bay.
The bycatch estimates used in the comparison 
presented here should be considered minimum 
estimates for Menai Bay since this was based only 
on data from two villages and did not include 
gillnet vessels from other villages fishing in 
Menai Bay. Furthermore, there is also additional 
fishing effort from visiting fishermen from other 
areas who also fish in Menai Bay during the 
Kaskazi camping season. 
Conclusion
The levels of annual bycatch recorded in this 
study (9.6% for Indo-Pacific bottlenose dolphins 
and 6.3% for humpback dolphins) are serious 
cause for concern for both Indo-Pacific 
bottlenose and humpback dolphins off the 
south coast of Zanzibar. Immediate actions are 
necessary to reduce this bycatch to prevent 
future depletion and possible extirpation.
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6. ASSESSMENT OF THE STATUS OF DOLPHINS IN 
THE INVESTIGATED AREAS AND PROPOSALS FOR 
CONSERVATION AND MANAGEMENT ACTIONS
6.1 Status asessement of dolphins off South coast of Zanzibar
other areas. Hence, annual anthropogenic 
removals of 2% should therefore be regarded as 
unsustainable. Here the same level is used to 
assess status for Indo-Pacific humpback dolphins 
although for this species data are still lacking on a 
number of parameters to determine its likely 
population growth.
The estimated levels of bycatch presented in 
section 5.2 above (9.6% for Indo-Pacific 
bottlenose dolphins and 6.3% for humpback 
dolphins off the south coast of Zanzibar) are 
clearly unsustainable and a serious cause for 
concern that demand immediate actions to 
reduce bycatch levels to prevent future 
depletion and possible extirpation of the 
dolphin populations. 
Dolphin tourism is an additional threat facing 
the dolphin populations off the south coast of 
Zanzibar. These activities, which mainly target 
the bottlenose dolphins, have been shown to 
affect dolphin behaviour in this area (see section 
4.2 above) as well as in other regions (see e.g., 
Lusseau 2003, Constantine et al. 2004, Bejder et 
al. 2006). The tourism activities in our study area 
overlap geographically with the distribution 
areas of bottlenose and humpback dolphins by 
44% and 27%, respectively. Tourist boats focus 
their activities in the high density areas where a 
high proportion of dolphins forage and socialize 
(see Fig. 6 above). Due to this spatial overlap 
between tourist activities and areas where 
animals are foraging and socializing, the 
dolphins may be subject to disturbance that can 
have negative effects on both individual and 
population level. If foraging individuals are 
repeatedly interrupted by tourism activities it is 
possible that this may compromise survival of the 
affected individuals. Interruption by boats and 
swimmers during sexual activities, which is often 
included in socializing, may lower the rate of 
successful mating attempts which can have a 
long term effect on populations. 
Section 4.2 above, showed that dolphin 
behaviour, movement and dive patterns were 
affected by the tourism activities. Although data 
were not available to investigate the long-term 
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In order to assess status and threats by 
anthropogenic activities on local dolphin 
populations it is necessary to gather information 
on parameters such as abundance, distribution, 
genetic stock structure, behaviour, demography 
and mortality/survival. In this project an attempt 
has been made to collect data for all these 
parameters to allow assessment of the status of 
Indo-Pacific bottlenose and humpback dolphins 
in the study area off the South coast of Zanizibar. 
It is necessary to define the conservation 
objective for the status assessment. For the 
dolphin tourism to be sustainable the objective 
needs to ensure future viable populations of 
dolphins. This means that when all the 
mortalities have been accounted for in the 
population there is still enough calves born that 
reach maturity to allow the population to grow or 
at a minimum stay stable. One approach to 
assess the status of a population is by comparing 
estimates of the potential maximum population 
growth ( ) to estimates of mortality. Given that 
estimates in both  and mortality are 
associated with uncertainties (both bias and 
variance, where the bias represents the difference 
between the estimated value and the true value of 
a parameter and variance represents the 
precision of the estimated value), a mortality of 
 has been recognised as a threshold for what 
should be considered unsustainable. The  for 
dolphin populations has been estimated to be in 
the range 2-6% with a point estimate of 4% 
(Reilly and Barlow 1986). Based on available 
information on for small cetacean 
populations the Scientific Committee of the 
International Whaling Commission (IWC) have 
considered annual anthropogenic removals of 
2% to be unsustainable and removals of 1% to be 
a precautionary level beyond which to be 
concerned about the sustainability of 
anthropogenic removals (IWC 1996).
Given that the data on life history parameters of 
the Indo-Pacific bottlenose dolphins off 
Zanzibar were similar to those attained from 
other areas (see section 3.3 above) it is possible to 
assume that this dolphin population also would 
have population growths similar to that of the 
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effects of these changes on dolphin survival, 
reproduction and growth, even the short-term 
changes showed in this study should be cause for 
concern and warrants regulation and 
implementation of existing guidelines for the 
dolphin tourism. In Shark Bay, Australia recent 
studies have shown that the reproductive success 
of female bottlenose dolphins is negatively 
correlated with exposure to tourism vessels 
(Bejder et al. 2006). It is worrying that even in an 
area such as Shark Bay with only two tourist 
vessels operating and where tourism is strictly 
regulated, the activity still has serious effects on 
vital population parameters. In light of our results 
and the findings in other areas e.g. Shark Bay, 
Australia it is clear that the dolphin tourism in 
Kizimkazi is unsustainable in its current form. 
It is important to have an agreement between all 
stakeholders so that issued guidelines are 
followed. It may therefore be constructive to start 
with less stringent guidelines and make sure that 
these are implemented and complied with, than to 
have regulations that are not followed at all. The 
suggested approach with tour guides and boat 
drivers that are certificated by KIDOTOA (see 
section 4.1.1 above) is a good strategy to ensure 
that the guidelines are followed. However, such a 
system will need to be monitored in order to make 
sure that the certified operators are following the 
guidelines. This process is a first important step 
towards sustainable dolphin tourism. 
On a positive note the dolphin tourism off 
southern Zanzibar has directly replaced an 
unsustainable hunt for dolphins in the area and 
now forms a socio-economic alternative. This is 
something which has been rarely observed 
elsewhere. 
The research conducted has increased the 
knowledge on the population parameters such as 
population size, distribution, behaviour, 
demography and stock structure. It has also 
succeeded in raising the local peoples' awareness 
of the dolphins and we are hopeful that this bodes 
well for a sustainable future for these animals. 
Although further data are required to fully assess 
the status of the dolphin populations investigated, 
this should not delay conservation and 
management efforts to reduce the number of 
dolphins drowned in the Zanzibar gillnet fisheries.
In conclusion, given the relatively small 
population sizes, limited distribution ranges and 
the magnitude of anthropogenic threats facing 
the Indo-Pacific bottlenose and humpback 
dolphins in Kizimkazi, it is clear that immediate 
conservation measures are needed such as 
mitigation of the bycatch and implementation of 
tourism guidelines. This is critical if the negative 
impact on the species is to be minimized and the 
dolphins are to continue to represent a socio-
economic resource in the region. 
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 Indo-Pacific bottlenose dolphin off the South coast of Zanzibar. (© Eva Stensland)
6.2 Proposed management plan for South coast of Zanzibar 
Omar A. Amir, Narriman S. Jiddawi and Per Berggren 
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BACKGROUND
Reasons for Preparation of the Management Plan
A Management Plan outlines the purposes and 
manner in which an area is to be used. It sets the 
management objectives, policies, and strategies to 
achieve the stated objectives. It also addresses the 
administrative structure, resource use, zoning, 
boundaries, financial support, staff needs, and 
monitoring plans. A successful Management Plan 
provides area managers with a blueprint of how the 
area will function, but should also be flexible and 
allow for modifications to be made when deemed 
appropriate. During the development of this 
management plan, specific issues were identified 
that have been put into this plan. These issues 
include dolphin tourism, activities that threaten the 
dolphins and types of research that should take 
place in the area. The synthesis of these issues, their 
complexities, and solutions, take the form of a 
Management Plan. The Management Plan is a 
working document that should be updated 
periodically, and should be used to actively and 
appropriately manage the area, ultimately leading 
to, in this case, sustainable dolphin tourism and 
viable dolphin populations. The management 
objectives outlined in this Plan represent short term, 
measurable steps toward attaining this goal.
This Management Plan is presented as an output 
of the MASMA Sustainable Dolphin Tourism 
Project. This plan was developed to guide the 
dolphin tourism within the Menai Bay 
Conservation Area (MBCA). 
Process Used for Plan Preparation
This plan is based on recommendations from 
researchers and community expertise. The latter 
based on the outcomes of a series of community 
workshops held between December 2004 and April 
2005 at Kizimkazi, Zanzibar. The workshops were 
attended by representatives from the Department of 
Fisheries and Marine Resources, Department of 
Environment, Commission of Tourism, Institute of 
Marine Sciences, State University of Zanzibar, 
Menai Bay Conservation Area, District and Local 
Government, Village Conservation Committees, 
Fishermen Committees, Women Groups, tourist 
and boat operators. During these workshops 
management strategies and Action Plans were 
developed. This represents the first draft of a 
Management Plan for the dolphin tourism in 
Menai Bay Conservation Area.
DESCRIPTION OF THE MENAI BAY 
CONSERVATION AREA
The MBCA is situated on the southwest coast of 
Unguja Island, Zanzibar between latitude 6o10'S 
o o o
to 6 30'S and longitude 39 10'E to 39 36'E. The 
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MBCA covers an area of about 470km  which 
borders the southern, central and western districts 
on the land. 
The setting up of the MBCA is provided for under 
section 7(1) of the Fisheries Act No. 8 of 1988. The 
area was officially announced as conservation area 
by an order published in the legal supplement 
(part II) of the Zanzibar Government Gazette vol. 
CVI No. 5755 of 9th August 1997. The MBCA was 
established with the purpose to conserve in 
perpetuity the biological processes and 
productivity of the area and associated ecosystem 
for the benefit of the local population and therefore 
tourism and recreation were not actively promoted 
within the area. The area is administered and 
managed by the Department of Fisheries and 
Marine Resources of Zanzibar within the Ministry 
of Agriculture, Livestock and Environment and 
supported by WWF-East Africa which provides 
both technical and financial assistance. 
Menai Bay Conservation Area Resources
MBCA is characterised by a variety of nearshore 
habitats and marine resources of great ecological 
and socio-economic importance. The key habitats 
are mangrove forests, seagrass beds and coral reefs. 
The resources include different species of fish, 
dolphins and sea turtles. The abundant marine 
resources of the MBCA have traditionally 
supported several important commercial and sport 
fisheries. Today, the nearshore waters continue to 
provide for these activities and are also used for 
recreational diving and dolphin watching. The 
focus of this is management plan is on dolphin 
tourism.
Cetaceans 
The MBCA is considered to be important for 
breeding, resting and foraging for several species of 
cetaceans. Six small cetacean species have been 
recorded in MBCA (Amir et al. 2005). Of these, the 
most abundant species are the Indo-Pacific 
bottlenose dolphin (Tursiops aduncus) and the 
Indo-Pacific humpback dolphin (Sousa chinensis) 
(Stensland et al. 2006; Amir et al. 2005). Several 
groups of bottlenose and humpback dolphins are 
sighted all year round off the reef of Kizimkazi 
villages as they frequent areas close to shore to 
socialize, rest and feed. Stensland et al. (2006) 
showed in their study on the abundance, 
distribution and behavioural ecology of Indo-
Pacific bottlenose dolphins and Indo-Pacific 
humpback dolphins, that there are about 136 
Indo-Pacific bottlenose dolphins and 63 Indo-
Pacific humpback dolphins resident in the Menai 
Bay area. 
Other cetacean species that are occasionally 
observed in the waters of the MBCA are spinner 
dolphins (Stenella longirostris), Risso's dolphins 
(Grampus griseus), common bottlenose dolphins 
(Tursiops truncatus) and humpback whales 
(Megaptera novaeangliae) (Amir et al. 2005). 
Humpback whales migrate seasonally from 
temperate water where they forage to tropical 
waters where they come to breed. They are present 
in the area between July and November (Amir, 
personal observation). 
Marine Tourism in MBCA 
Marine tourism is expanding and has become a 
new source of income for many villagers involved 
in the activity. It is the activity with the highest 
commercial value within the MBCA. Tourism in 
the MBCA was low in the 1980's followed by 
rapid expansion through the 1990's and 2000's. 
More accurate data on the number of visitors 
visiting the MBCA are available since the 
introduction of revenue collection in 2003. 
Approximately 20,000 visitors traveled to MBCA 
on commercial tourism operations between July 
2004 and June 2005. In addition, a substantial 
number of visitors eat in restaurants and stay at 
hotels within the boundaries of MBCA and 
thereby further contribute to the local economies.
Marine tourism in MBCA is geographically 
focused on two major accessible regions of 
Kizimkazi (where tourism is mainly associated 
with dolphins) and Fumba (where tourism is 
mainly associated with coral reefs and sand 
banks). This focus of tourism activity means that 
these parts of the MBCA are accessed by large 
number of tourists, resulting in a higher level of 
tourism impact.
The marine tourism industry is a major 
contributor to the MBCA revenue. The MBCA 
authority charges US$ 3 per visitor per day as an 
entry fee to the area. It is estimated that the direct 
financial contribution is in excess of US$ 61,000, 
which is used to support education, research and 
the cost of management of the area. 
Dolphin and Whale Tourism
The main area of Zanzibar's dolphin tourism is 
off the coast of Kizimkazi in Menai Bay. Dolphin 
and sometimes whale watching in Kizimkazi is a 
relatively small part of the total tourism industry 
in Zanzibar. Small-scale snorkel tours started in 
Kizimkazi Mkunguni in 1989, followed by the 
development of commercial dolphin watching 
tours in 1992. The tourists industry has been 
growing ever since. The neighbouring village, 
Kizimkazi Dimbani entered the tourism business 
in 1998. 
Initially only a few boats participated in the 
activity. However, in 2006 a total of 50 dolphin 
tourist boats were based in the two villages 
Kizimkazi-Dimbani and Kizimkazi-Mkunguni. 
At present, Kizimkazi-Mkunguni has three locally 
owned hotels and one restaurant that organize 
boat trips and one large hotel that is near 
completion. Kizimkazi-Dimbani hosts two 
restaurants that also organizes boat trips. The 
tourist season is highly variable, with peak number 
of visitors from July to September and December 
to February. A typical dolphin tour package 
includes transportation to Kizimkazi, a boat trip to 
watch the dolphins followed by a short snorkel 
session on the reef and lunch at one of the 
restaurants. The trips offered by the operators vary 
in the size of their operation, the type and length of 
trip. Trips range from 30 minutes to several hours 
and are concentrated to a few key areas, notably 
Usine. 
MANAGEMENT ISSUES
There are five main aspects to dolphin tourism 
management:
1. Mortality through fisheries
The primary issue for the management of 
dolphin tourism in the MBCA is the mortality of 
dolphins caused by fisheries bycatch. Bycatch in 
gillnet fishing has remained as the most serious 
threat to dolphins in the area (Amir et al. 2002; 
2005). The mortality rates of 9.6% for Indo-
Pacific bottlenose dolphins and 6.3% for 
humpback dolphins are significantly higher than 
the 2% level considered unsustainable for 
anthropogenic mortality (IWC, 1996). Hence, 
these bycatches represent a threat to the long-
term survival of the two populations in Menai 
Bay (Stensland et al. 2006, Amir et al. 2005). Any 
programme to reduce the use of gillnets in MBCA 
will contribute to the reduction of dolphin 
mortality.
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2. Disturbance from dolphin tourism
A second crucial issue for consideration in 
dolphin tourism activities in the MBCA is the 
disturbance caused by tourist boats and 
swimmers to the dolphins. The dolphin tourism 
activities off Zanzibar have been completely 
unregulated since they began and field 
observations of dolphin behaviour in presence of 
tourist boats collected in March 1998 indicated 
that the animals were potentially disturbed by the 
way that the tourism activities were conducted. In 
response, suggested guidelines for best dolphin 
tourism practise were introduced and distributed 
to the tour operators and the dolphin tour boat 
drivers in November 1998 in an attempt to 
minimise the impact from the dolphin tourism 
on the animals. These guidelines gave 
recommendations on maximum number of boats 
per dolphin group and also specified how boats 
and swimmers should behave around the 
dolphins. 
In 2000, a field study was conducted where 
dolphin behaviour was compared in relation to 
whether the proposed guidelines for the dolphin 
tourism were followed or violated. The study 
showed changes in behavioural states and 
increased frequency of stress related behaviours 
when guidelines were violated (Englund & 
Berggren 2002). Dolphin groups that were 
approached by tourist boats violating the 
guidelines also changed their behaviour from 
resting to travelling (Englund & Berggren 2002).
Several meetings were arranged with the operators 
and boat drivers to discuss the situation and to 
encourage the use of the proposed guidelines. The 
first suggested guidelines introduced off the South 
coast of Zanzibar were considered to be too strict 
and were therefore not followed to a large extent by 
the tourist boat operators. Instead revised and less 
stringent, guidelines were developed in consultation 
with the stakeholders. These new guidelines were 
issued by the Department of Fisheries and Marine 
products in 2003 and were distributed to both boat 
operators and tourists through a leaflet available in 
English and Kiswahili. Recent behaviour studies 
(Stensland and Berggren 2007, Jedensjö 2005) of 
dolphins in relation to different levels of tourism 
activity have demonstrated that violation of the 
guidelines and increased levels of tourism activities 
cause behavioural changes in dolphins. These 
behavioural changes may be short-term responses to 
the tourism activities which, if continued, may lead to 
the long-term consequence that the dolphins leave 
the area where the dolphin tourism takes place. The 
apparent changes in dolphin behaviour due to the 
increased levels of tourism activities may reduce the 
available time for important behaviours such as 
foraging and nursing which ultimately may reduce 
fitness on both individual and population level.
3. Research and monitoring
A third important issue for dolphin tourism in the 
MBCA is the lack of research and monitoring 
programme for dolphin tour boats and visitor use. 
This situation presents a major research need for 
the future of the MBCA to ensure informed 
decision-making with respect to management and 
planning and this has been recognised in the draft 
General Management Plan. Furthermore, 
consideration will need to be given to determining 
possible limits to the levels of tourism activities 
that can be sustainable.
4. Education programme
A fourth important issue for dolphin tourism in 
the MBCA is the lack of education programmes. 
This task is challenging and local tour operators 
are in most in need of information. Dolphin 
tourism in the MBCA must continue to promote 
environmental education first and foremost as part 
of the services they provide and should include 
information specific to the MBCA ecosystem and 
its status as a conservation area. 
MANAGEMENT OBJECTIVES FOR 
DOLPHIN TOURISM
(a) Reducing Bycatch Of Dolphins
• Initiate mitigation measures to reduce bycatch 
of dolphins in drift- and bottom set gillnets.
(b) Minimizing Tourism Disturbance to 
Dolphins 
• Promote public awareness and voluntary user 
compliance with dolphin watching guidelines 
through an educational program. 
• Increase knowledge of dolphin biology, ecology 
and behaviour.
(c) Research and Monitoring
• Establish a framework and procedures for 
administering research and monitoring to 
ensure that projects are responsive to 
management concerns and that results 
contribute to improved management of the 
area.
• Make effective use of research results by 
incorporating them into information and 
interpretation programs. 
• Collaborate with public and private 
organizations in promoting compatible use of 
the area by coordinating surveys and 
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monitoring programs and by exchanging 
information concerning commercial and 
recreational use of the area.
• Assess the current levels of use and initiate 
monitoring of the use over time to identify and 
control potential degradation of resources and 
minimize potential user conflicts.
(d) Education and Interpretation
• Broaden public support for the conservation 
area and management by offering programmess 
suited to visitors of diverse interests, ages, and 
skills. 
• Provide for public involvement by encouraging 
feedback on the effectiveness of interpretive 
programmess, collaboration with the MBCA 
management staff in extension/outreach 
programmes, and participation in other 
volunteer programs. 
STRATEGIES
Priority Strategies
The main issues highlighted during the initial 
workshop held to draft a management plan (see 
Appendix 6) were lack of enforcement of existing 
guidelines; lack of education about marine 
mammals; lack of monitoring of dolphin tours 
and visitor use in the area; lack of operational 
skills; and lack of communication, interpretation 
and language skills. Given these themes, the 
strategies were then combined under the 
following strategy categories:
• Implement guidelines.
• Reiew and revise guidelines if necessary.
• Develop and implement research and 
monitoring programme. 
• Develop and implement a long-term 
education programme.
The strategies developed can and should be 
expanded as time and resources allow. Those 
highlighted in this Draft Management Plan are 
intended to be the foundation of a diverse 
portfolio of strategies and actions, leading to 
successful implementation in the area.
Strategy 1: Implementation of guidelines
It is crucial that the guidelines issued by the 
Department of Fisheries and Marine Resources, 
are implemented in order to make the dolphin 
tourism activities in the MBCA sustainable. The 
guidelines should be demonstrated and explained 
to the operators during practical training sessions. 
Activity I. Training of boat operators 
Training workshops on guidelines and biology of 
dolphins in class and in practise. After the training 
of the guidelines:
• Boat operators will be given certificates.
• Boat operators will be given educational and 
interpretive materials to make their trips 
interesting and enjoyable to the visitors.
• Boat operators will be asked to record details 
of their dolphin trips on log sheets to be 
supplied to them.
Activity II. Educational materials
• Produce leaflets, posters and briefing sheets 
for distribution to boat operators. 
Strategy 2: Develop biological and socio-economic 
research and monitoring program.
Develop scientific research and a population 
monitoring programme to ensure collection of 
information. This will help in providing critical 
management information for periodic evaluation 
of management performance and resource 
sustainability. This can be achieved by 
establishing a monitoring system that is integrated 
into the MBCA routine operations and reporting, 
through the permit and user fee system, patrol 
reports and participatory resource use monitoring. 
Activity I. Develop dolphin tour boat monitoring 
programme
• Boat operators will be required to fill out a log 
sheet for each dolphin watching trip they carry 
out.
Activity II. Monitoring boat operators compliance to 
guidelines 
• Monitoring the quality of trips will be carried 
out by interviewing passengers (who agree to 
complete and return a questionnaire giving 
details of their trips.
• Independent observers will conduct surveys 
on boat operators compliance to guidelines 
by looking at how the operation is conducted 
in the area
• Feedback from passengers and other observers 
on both positive and negative aspects of the 
trips will be discussed with the operators at the 
end of the tourism season.
Activity III. Visitor survey
• A visitor survey will be carried out to describe 
the visitor profile and compare with a similar 
survey in 2004/2005.
Strategy 3: Develop and implement a long-term 
education programme
Many of the threats identified can be addressed 
through education programmes. The success of 
this relies on community participation and 
understanding of the ultimate goal, as well as how 
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an individual's actions directly impact the 
marine mammals found in the MBCA. Working 
with community groups, schools, fishermen, tour 
operators, hoteliers, and government agencies 
will help gain community support, as well as 
facilitate distribution of essential information to 
the community at all levels. 
Activity 1. Training programme for operators and 
crew
Training in this area would largely involve 
gaining factual knowledge and understanding 
by:
• Providing knowledge of the species most 
likely to be seen, and an ability to identify 
them from direct sighting such as dorsal fins 
and colour.
• Providing knowledge of the context for these 
species, for example issues affecting their 
conservation, details of their life cycle and 
habits, and the wider ecology.
Activity II. Training of operational skills and 
information for tourists
This area covers the skills necessary to run tours 
and expeditions safely and efficiently, with due 
regard to the conservation of the dolphins that is 
the focus of the tour.  
• Guidelines for introductory trip briefings 
including passengers safety information will 
be produced;
• Training structure for dolphin watching tour 
guides in Menai Bay will be provided and 
distributed to boat operators, crews and 
guides;
Activity III. Communication, interpretation and 
people skills
This area covers the skills necessary to interact 
with customers and provide them with a high 
quality, enjoyable and memorable experience.
• To improve communication skills, such as 
the ability to respond to and involve visitors 
with different levels of interest or prior 
knowledge; 
• To enable boat operators to lead groups of 
visitors and maintain good social interaction 
over the period of a tour or visit.
KEY INFORMATION AND DATA 
GAPS
Description of Priority Information Gaps
In order for this Management Plan and the 
resulting conservation area to be effective, more 
information is required. This document should be 
viewed as a “living document” that will grow and 
be modified as new information is revealed. This 
section will provide guidance for further 
development of the Management Plan, by 
identifying areas that require further information, 
as well as initiatives that need to be developed and 
expanded. These information gaps have been 
organized in the following categories:
Scientific Data to:
• establish movements, migration and seasonal 
patterns;
• determine hunting behaviour and food 
preference;
• establish critical habitat 'home range', including 
feeding, mating and calving grounds;
• monitor populations throughout the year and 
ideally for at least two to three years to 
determine if the area use is consistent.
Community and Resource Use Information:
• general socio-economic analysis;
• tourism trends;
• gillnet fishing survey and analysis;
• boat use survey.
Addressing the Information Gaps
Because the gaps in information and scientific 
data are numerous, and the effort required to 
address each one is significant, those that are most 
feasible and information rich should be addressed 
first. It is recommended that a comprehensive, 
long-term, dolphin tour boat monitoring 
programme be implemented within the Menai 
Bay Conservation Area. Data collected from these 
efforts should be stored and maintained in the 
Conservation Area database. This will provide a 
manager with the quantitative information 
required to protect dolphin resources in the 
Conservation Area. Furthermore, recognizing that 
the MBCA suffer from a shortage of staff, efforts to 
initiate collaboration with community and non-
governmental organization, such as KIDOTOA to 
accomplish these tasks are necessary. Interagency 
collaboration will increase the amount and 
quality of information collected.
7. GENERAL CONCLUSIONS AND RECOMMENDATIONS
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The overall of aim of this project was to build the 
capacity required to develop, conduct and 
manage dolphin tourism in the East African 
region. The project has successfully provided 
scientific information for Indo-Pacific bottlenose 
and humpback dolphins on population 
parameters such as population size, distribution, 
behaviour, demography and genetic population 
structure. This is very important for the 
conservation and management of the cetacean 
species concerned and the dolphin tourism 
relying on these animals. The project has also 
provided detailed information on the socio-
economy of the dolphin tourism in Kizimkazi, 
Zanzibar and Ponta do Ouro, Mozambique, and 
raised the awareness of dolphins in East Africa 
by arranging workshops, by giving lectures and 
through media appearances.  
The results of the research showed that:
• There are of small resident populations with 
limited distribution of Indo-Pacific 
bottlenose (population size 136) and 
humpback dolphins (population size 63) off 
the south coast of Zanzibar, and humpback 
dolphins (population size 165) at Inhaca. 
• Bottlenose dolphins socialize and forage 
to a larger extent in particular areas. 
These higher density areas may be 
important to respective population, 
particularly for breeding and foraging 
activities. 
• There is a clear indication of a genetic break 
in mtDNA sequence data which isolate 
Indo-Pacific bottlenose dolphins sampled 
off the north and south coasts of Zanzibar. 
This result was also supported by 
preliminary microsatellite analyses of a sub-
set of the samples available from Zanzibar. 
Therefore it is appropriate to treat the Indo-
Pacific bottlenose dolphins found off 
northern and southern Zanzibar as separate 
management units when assessing the 
impact from bycatch, dolphin tourism and 
other anthropogenic threats.
• The life history characteristics of the Indo-
Pacific bottlenose dolphins off Zanzibar 
were similar to that of bottlenose dolphins 
from other geographical areas. This 
indicates that the annual population 
growth is limited, and based on results 
from other geographical areas, likely to be 
less than 4%. 
• Six species of dolphins are caught in 
gillnets at sites all round Unguja Island, in 
the Zanzibar Channel and along the coast 
of northern Tanzania. 
• The estimated annual bycatch in the 
driftnet fishery in Menai Bay, Zanzibar, 
represented an annual mortality of 9.6% of 
the estimated number of Indo-Pacific 
bottlenose dolphins in the area and the 
estimated annual bycatch in the bottom set 
gillnet fishery represented 6.3% of the 
estimated number of humpback dolphins. 
These levels of anthropogenic mortalities 
are considered unsustainable since they 
exceed 2% which is the level of 
anthropogenic mortality considered 
unsustainable for small cetacean 
populations (IWC 1996).
• Increasing levels of tourism activities led to 
behavioural changes in female dolphins 
off the South coast of Zanzibar. The 
apparent changes in dolphin behaviour 
may reduce the available time for 
important behaviours such as foraging and 
nursing which ultimately may reduce 
fitness on both individual and population 
level. These behavioural changes may be 
short-term responses to the tourism 
activities which, if continued, may lead to 
the long-term consequence that the 
dolphins leave the area where the dolphin 
tourism takes place. 
• Socio-economic surveys in Kizimkazi, 
Zanz ibar  and Ponta  do  Ouro ,  
Mozambique showed that dolphin 
tourism activities have become important 
for employment and signif icant 
contributor to the local economies. 
Further, efforts are needed to increase the 
share of the revenue that benefits the local 
communities.
• Stake holder involvement is crucial in 
developing sustainable dolphin tourism. 
An important step towards this was taken 
in Kizimkazi in 2005 with the formation of 
the Kizimkazi Dolphin Tourism 
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Operators Association (KIDOTOA) 
which include members from all stake 
holders in the dolphin tourism industry 
in the area.
• It is necessary that all tour and boat 
tourism operators are certified in how to 
conduct sustainable dolphin tourism. A 
first step towards this aim was taken 
when the first intensive training course 
in sustainable dolphin tourism for tour 
guides was held in Zanzibar in 2005.
• Both dolphin tourism and bycatch in 
fisheries pose threats to the dolphin 
populations. Management actions that 
regulate the tourism and reduce the 
bycatch are therefore essential to 
facilitate long-term sustainable dolphin 
tourism activities in East Africa. 
• A draft management plan is provided a 
starting point towards sustainable 
dolphin tourism in Menai Bay, 
Zanzibar.
• The results of the research and the 
conclusions and recommendations 
from this project are applicable to other 
geographical areas where interactions 
between dolphins and anthropogenic 
activities occur such as gillnet fisheries 
or boat based tourism.
In conclusion, given the relatively small 
population sizes, limited distribution ranges 
and the magnitude of anthropogenic threats 
facing the Indo-Pacific bottlenose and 
humpback dolphins in Kizmkazi, it is clear 
that immediate conservation measures are 
needed. This is critical if the negative impact 
on the species is to be minimized and the 
dolphins are to continue to represent a socio-
economic resource in the region. Therefore 
t h e  mos t  impo r t an t  managemen t  
recommendations are to:
• Initiate mitigation measures to reduce 
bycatch of dolphins in Menai Bay, 
Zanzibar, to levels below 2% of 
respective population size.
• Implement and monitor the compliance 
with existing guidelines for the dolphin 
tourism in Menai Bay, Zanzibar and 
Ponta do Ouro, Mozambique.
Sustainable Dolphin Tourism Workshop participants at Kizimkazi-Dimbani September 2006. (© Per Berggren)
8. POTENTIAL SPIN-OFF PROJECTS AND 
SUGGESTIONS HOW THESE CAN BE INVESTIGATED
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The studies of the dolphins off the coasts of 
Zanzibar and Mozambique in this project 
represent an important step towards a better 
understanding and the status assessment of the 
marine mammals in the East African region. 
However, the information that has been gathered 
is limited both in temporal and spatial 
distribution and the number of species studied. 
In order to extend the monitoring of coastal 
dolphin populations, collection of photo-
identification data year round in extended survey 
areas would be an effective strategy. 
In order to cover larger areas in the East African 
region and to determine occurrence, distribution 
and abundance of other dolphin and whale 
species, large scale aerial or vessel based surveys 
should be conducted using line-transect 
sampling methods (Buckland, et al., 2001; Evans 
and Hammond, 2004). 
Information on movement patterns and home 
ranges of dolphins is important for the 
understanding of the impact of tourism and the 
bycatch in fishing gear. Concern has been raised 
by tour operators that the bottlenose dolphins 
disappear from the areas off the south coast of 
Zanzibar and Ponta do Ouro, from time to time, 
which have negative implications for the tourism 
industry. Studies that survey the distribution and 
movement patterns in extended survey areas 
could provide answers to these questions and 
could help identify new areas that may be suitable 
for dolphin tourism. This information would also 
be useful when combined with information on 
gillnet fishing effort to identify areas where 
bycatches may occur. 
A list of some of the spin-off projects that should 
be intiatied include:
• Mitigation of the dolphin and whale 
fisheries bycatch by using acoustic 
deterrent (p ingers ) dev ices and 
development of alternative fishing gear 
that could replace drift- and bottom set 
gillnets. 
• Establ i sh  long- te rm moni tor ing  
programmes by training local students in 
using photographic identification and 
other field sampling methods. 
• Conduct behavioural studies of dolphins 
in a control area with no dolphin tourism 
activities and compare this data to areas 
where dolphin tourism is ongoing.
• To fur ther deve lop es tabl i shed 
collaboration with colleagues in Kenya, 
Madagascar, Mayotte and Oman.
• To create a marine mammal research 
centre that can facilitate and coordinate 
marine mammal research and education 
in the WIO.
• Initiate dolphin tourism at other sites in 
East Africa to lower the pressure of 
tourism at existing sites. For example, 
initiation of dolphin tourism on the north 
coast of Zanzibar would lower the 
pressure in Kizimkazi on the south coast. 
The potential economic loss could be 
compensated by charging tourists a higher 
price for the boat trips. Most tourists would 
be prepared to pay more for an experience 
that is more exclusive.
• Create a manual for how to initiate and 
conduct sustainable dolphin and whale 
tourism.
Further suggestions for new and extended 
research have also been made in the different 
sections earlier in this report.
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Omar A. Amir and Narriman S. Jiddawi, Assisted in answering questions inquired by members of the 
House of Representatives of Zanzibar on marine mammals strandings  June 2006. They wanted 
to know what IMS has done on that issue, what species and what impact it could have on that 
population.
Omar Amir and N.Jiddawi played a big role ( providing explanations and  answers to peoples queries 
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dolphin strandings (May 2006).
Omar A. Amir, Narriman S. Jiddawi and Salum S. Hamed have played a key role in the identification 
and measurements of stranded whales along the east coast of Zanzibar  between 2003- 2006.
Scientific conference presentations:
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Omar Amir and Narriman Jiddawi Training course to 300 tour guides on sustainable dolphin watching.  
2005 and 2006. 3 day lectures. Organized by Tourism Department
Omar Amir and Narriman Jiddawi. Extensive course on dolphin management to a group of 11 tour 
guides 2005. 1 week. Organised by the Tour guides themselves.
Omar Amir, Narriman Jiddawi and Zainab Ngazy. Workshop on the development of management 
strategies for dolphin tourism in Kizimkazi and building coordination among dolphin tourism 
stakeholders 11-13th Dec 2004
Omar Amir, Narriman Jiddawi and Zainab Ngazy. Workshop on dolphin watching and sustainable 
tourism. Kizimkazi Dimbani School. 29th to 30th Dec 2003
Omar Amir, Narriman Jiddawi and Zainab Ngazy. Workshop on conservation and management of 
dolphin watching. To boat operators. Kizidi restaurant 2006
Per Berggren and Omar Amir. Lecture on sustainable dolphin management to participants from the 
region during the Sustainable Tourism workshop held at Bwawani Hotel 2003.
Per Berggren. Invited speaker on Conservation of dolphins in Zanzibar, East Africa. Sea Mammal 
Research Unit, University of St. Andrews, Scotland. 2005.
Dr N.S Jiddawi Invited speaker on Marine mammals in Zanzibar, East Africa and their 
conservation. Commission of Science and Technology Dar es salaam Research And 
Development Board.  March 2006.
Omar A. and Narriman Jiddawi, Assisted in answering questions inquired by members of the House of 
Representatives of Zanzibar on marine mammals strandings  June 2006. They wanted to know 
what IMS has done on that issue, what species and what impact it could have on that population.
Articles in local newspaper in Kiswahili 
“Pomboo ni mnyama au samaki” in Zanzibar Leo Newspaper of Wednesday, 8 May 2003.
“Yajue maisha ya nyangumi kibyongo (chongowe)” in Zanzibar Leo Newspaper of Wednesday, 22 May 2003.
“Yajue maisha ya mnyama aitwae nguva” in Zanzibar Leo Newspaper of Friday, 9 August 2003.
“Yajue maisha ya pomboo” MENAI BAY local newsletter, 2005.
Nguva apatikana Jambiani. MENAI BAY local newsletter, 2006.
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Academic output:
Omar Amir. MSc. August 2004. Univ. of Dar es Salaam. Feeding and Reproductive Biology of Dolphins 
Caught in Gillnet fisheries in Zanzibar. 
Särnblad, A. Licentiate thesis 2005. Population structure and ecology of Indo-Pacific bottlenose 
dolphins. Licentiate thesis in ecology. Department of Zoology, Stockholm University. 75 pp.
Eva Stensland. PhD. April 2004. Stockholm University. Behaviour ecology of Indo-Pacific bottlenose 
and humpback dolphins.
Omar Amir accepted as PhD-student at Stockholm University in June 2005.
Maria Jedensjö, MFS study 2005. Department of Zoology, Stockholm University. The effect of violated 
guidelines on the behaviour of Indo-Pacific bottlenose dolphins (Tursiops aduncus) off the south 
coast of Zanzibar, East Africa.
Magnus Danbolt, Honours thesis 30 credits Department of Zoology, Stockholm University. 
2003. Population structure and phylogenetic placement of Indo-Pacific bottlenose 
dolphins off Zanzibar.  
Stina Nyström, Honours thesis 30 credits Department of Zoology, Stockholm University. 2006. Social 
structure of Indo-Pacific bottlenose dolphins (Tursiops aduncus) off the south coast of Zanzibar.
Supervision of students and assisting other visitors:
Nina Wambiji, KMFRI Kenya. Training on dolphin research and identification through boat based 
surveys on distribution and abundance of dolphins. Dissection of dolphins at IMS Laboratory.
Maria Charry, University of Columbia Latin America. Internship  programme. She conducted a research 
on dolphin Tourism in Menai Bay between January and June 2006.
Assisted JOCARA Quest during their visit to Zanzibar in establishing themselves and conducting their 
activities at Menai Bay. From our request they made a 10 min. video in 2004 on dolphin tourism inf 
Menai Bay.
Omar Amir and N. Jiddawi Played a big role (providing explanations and answers to peoples queries 
from all over the world) in the recent stranding event which took place in the Northern part of 
Zanzibar during April 27-28, 2006 and also completed a 30 minute programme with TVZ on 
the dolphin strandings (May 2006).
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